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METHOD AND APPARATUS FOR POWEE...-eV3NiiRATION 

The present invention is a continuation-in-part of 
co-pending U.S. patent applications for: "Heat- 
Generating Method and Apparatus", Serial No. 323,513, 
filed March 13, 1989; "Neutron-Beam Method and 
Apparatus", Serial No. 326,693, filed March 21, 1989; 
"Heat Generating Method and Apparatus", Serial No. 
335,233, filed April 10, 1989; "Heat Generating Method 
and Apparatus", Serial No. 338,879, filed April 14, 1989; 
"Power Generating Method and Apparatus", Serial No. 
339,646, filed April 18, 1989; "Power Generating Method 
and Apparatus", Serial No. 346,079, filed May 2, 1989; 
and "Power Generating Method and Apparatus", Serial No. 
352,478, filed May 16, 1989, which are incorporated 
herein by reference. 

The present invention relates to methods and 
apparatuses for generating heat, neutrons, tritium or 
electrical power, and in one illustration, to an 
apparatus which utilizes heat produced by compressing lew 
atomic weight nuclei in a metal lattice under conditions 
which produce excess heat, possibly involving nuclear 
fusion. 

An ideal energy source, and one which has been the 
subject of intensive scientific investigation and search 
over at least the past thirty years, would have the 
following properties: 

(a) the source would utilize deuterium, which is 
available in a virtually inexhaustible amount 
from the oceans; 



(b) The source would produce relatively benign an 
short-lived reaction products; 
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<<=> ^ SOUrce Produce substantia,, 

««™ input lBto the syst j;:i' d th " «» 

<*> The source could be constructed on 

small, even portable scale "'"^ 

a-terium to energy v ia J^JTT * °' """"^ 
dense pl asM , usi „ g fUSl °" "actions in , a 

—ial «"«ne n en\\ 1 ' h Ltt: — — cr 
density, temperature and . necess ary Plasma 

controlled pl asna "si" I™"™™ «~ -eded for 
intensive worldwide sci^^or? ^ « 
possibility of achieving control,! Pite this ' the 

n^-temperature PUsJ^Trs lT^" ^ ln » 
<« — Pie, Te ch„ ology 

In an alternative f» e < 
catalveed fU sion, muons ar useTtT^ ■ " 
darge of nuclei (muons bind til" ^ 
nucleus and neutralize its „ •! thS hvdr °9en 

d "" n <*<»• together because o'f TV ' ^ """^ 
-on so fusion by tunneling can occur at ^ "** °' ^ 
low temperature. Thus many of the „ «l«ive ly 
temperature plasma co„ ta inIe nt wh ^h " ^ 

success of the high-temperature ol! the 
-oided. Ho „ ever , dua to P »»- approach a re 

events during the li feti „ e of a „ y ™" b « s « '"ion 

unclear at this date whether th„ BU °"' it: i = 

^ , Gr tne method r-> n 

developed to 3upport a self-.,,^ • • GVSr be 

sustaining reaction. 



1 A listing of references f« 
his section are found at the end'cfl^^^nce numerals 
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The present invention involves an apparatus and 
method for generating energy, neutrons, tritium and/or 
heat as a specific form of energy. The apparatus 
comprises a material such as a metal having a lattice 
structure capable of accumulating isotopic hydrogen atoms 
and means for accumulating isotopic hydrogen atoms in the 
metal to a chemical potential sufficient to induce the 
generation of one or more forms of the previously noted 
energy. 

The sufficient chemical potential is, for example, 
enough to induce generation of an amount of heat greater 
than a joule-heat equivalent used in accumulating the 
isotopic hydrogen atoms in the lattice structure to the 
desired chemical potential. 

A preferred metal is one of group VIII or group 
IVA, palladium being most preferred. Other preferred 
metals include iron, cobalt, nickel,, ruthenium, rhodiur., 
osmium, iridium, titanium, zirconium, hafnium or alloys 
thereof. 



During the operation of the apparatus of the 
invention, the charged lattice emits occasional bursts of 
neutrons, and/or undergoes short-duration periods of 
exceptional heat output. These observations suggest that 
heat-generating fusion events occurring within the 
lattice may include nuclear chain reactions which may be 
stimulated by high-energy particles or rays within or 
applied to the lattice (such as are generated by fusion 
or other nuclear reactions occurring within the lattice) . 
Therefore, one aspect of the present invention involves 
stimulating or enhancing nuclear reactions in the lattice 
by exciting or bombarding the charged lattice with high 
energy rays or particles such as r rays, a cr 3 
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particles, nigh e „er gy or therBar — "„ 
energy protons. or hl S>> 



fluid " lmP ° rtant —"-W, the apparatus include a 
fluid comprising an isotopic hydrogen ato m source and 

ns for product isotopic hydrogen atoms fro, sa 
ource to accumulate in the .„! lattice. A prefers 
otooic nydrogen source is deuterated water. The Id 
«y be an aqueous solution comprising at least 'one water- 

and L ^ 7 ln the -lution 

and the means for accumulating includes a charge- 

ITZT" S0UrCS eleCt -^i«"y decomposing the 
solvent co „p onent lnt „ adsorfced . sotop . c ' 

r^nr^.*- ~ — - ato. 

The apparatus of the present invention may be used 
tor generate electricity by use of heat produced as 
»ell Known to those billed in electricity n > 
«eans for transforming heat produced in said lattice 
structure to electrical energy include electrical 
generators such as steam turbines, semiconductor 
thermoelectric devices and thermionic emitters. 

>n ap^atf ^T^ST"" * 

accumulating i sotopic hydrogen atoms and which has 
atopic hydrogen atoms accumulated in its lattice 
structure to a chemical potential sufficient to induce 
neutron-generating events, as evidenced by the prod u "ic, 
of th«»l neutrons, said chcmical ^ > — 

i ast about 0.5 ev when compared to a chemical poln-^, 
of lsoto pl c hydrogen atoms ln the Mtal la * 
■quitted with the isotopic hydrogen at standard 



eiiacTITIITF SHEET 



pressure; and means such as a divergent-neutron 
collimator, for example, for collimating at least a 
portion of the thermal neutrons produced in the reactor 
into a thermal neutron beam. Thermal neutron radiography 
of a target material may also be performed, using 
recording means positioned to receive neutrons which pass 
through target material in the thermal neutron beam. 
Recording means includes a convertor to capture neutrons 
and emit capture-dependent radiation, and a film 
sensitive to said radiation. Neutron capture gamma-ray 
spectroscopy of a target material, may also be used by 
including means for measuring gamma-ray spectra produced 
upon neutron capture by the material. Neutron scatterir.c 
analysis of a target material, which includes a neutron 
detector for measuring distribution of scattered neutrons 
at angles different from that of the beam directed as to 
the target material is also an aspect of the present 
invention. 

The apparatus of the present invention may be in an 
arrangement where said metal is formed as a series of 
stacked membranes in an electrolytic cell, where pairs cf 
membranes partition the cell into a series of closed 
electrolytic compartments. 

Where the charge-generating source is electrolytic, 
the metal is a cathode and the electrolytic decomposing 
is carried out preferably at a current of 2-2000 mA cm -2 
of cathode surface area, although higher current levels 
up to about 10,000 mA cm" 2 and even higher can be used in 
certain applications. 

In certain embodiments the fluid with the isotcpic 
hydrogen atom source may comprise a catalytic poison 
effective to block catalytic evolution of gases 
consisting of hydrogen isotopes. The fluid nav also 
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comprise lithiun deuteroxide h 

•comax.tion then inciting" f^-!' P--^c ing 
of the materia! or metal <! * ^ lnti "«= »i«ure 

fused metal n hea ^o t^"* '«» the 

^ration of isotoplc * the Bi "ure to promote 

*»• Particles of meta! !?~ «» into 

chemica! potentia! of i S o t " "" tUre « 

-t.! lattice o, at lea , - the 

*M. embodiment a pref erred " ' ' " " 

- podium, n ick ri/:;:; d ;:: r^r — • — 

source of isotopic hydros * yS there=; "d 

°-teride, sodium deutlrlde T 

mixtures thereof. ' " deUt6rWe « 

Particuiate metai J^l™"" 0 "** ° f h -»»9 the 
-h a high ene^/rer, ; :td"" in I. the ^ 
produce the chemical potentia o " r T^" 
». ^ss than about i „ second. " Uast ab °"t 

The preferred apparatus of the or»= . 
°ne operable form. i„ cludes a „ *** PreSent invention, i n 

-urce SU ch as deuterated water IT* "« 
tritiated water. ordinary water, or 

in certain embodiments prefers . 
Palladium, rhodium, ruthenium r L inClUd * 
zirconium or alloys containing f " tl *> nias , 
those metals. Tne motal Qf J er «o ni c isotopes of 
also be a ccrroosite of a h prosen t apparatus nav 
oroup consisting of p.l^"^" 1 ^ J «= the' 
iridium, osmium, nic*el co ™' rh0dlUB - ruthenium, 

titanium, platinum, hafnium, and 'n"' SirCOni,,a ' 

and alloys thereof, ani a 
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thin metal film upon said substrate of palladium, 
rhodium, ruthenium, iridium, zirconium, or alloys 
thereof. Alternatively, the metal may be a thin film 
layered on a composite of a substrate unable to 
accumulate isotopic hydrogen atoms to an extent inducing 
fusion reactions. Such a thin metal film has a preferrea 
thickness of about 50-500 A, although thicker films might 
be suitable. 

Means for transforming heat to electricity include a 
steam-powered turbine or an electrical generator, and a 
heat transfer system for transferring heat from the heat 
source to a turbine or electrical generator. This means 
for transforming may also be a semiconductor 
thermoelectric device or utilize a thermionic emitter 
device. 

The present invention also includes methods of 
generating heat and neutrons, as well as producing 
electricity or performing work. These methods comprise 
the steps of: (a) contacting a material (preferably a 
group VIII or iv A metal) having a lattice structure 
capable of accumulating isotopic hydrogen atoms, with a 
fluid comprising an isotopic hydrogen atom source; and 
(b) inducing accumulation of isotopic hydrogen atoms in 
the lattice structure to achieve a concentration therein 
sufficient to cause heat or neutron generation. The 
achieved concentration of isotopic hydrogen atoms may be 
characterized by having a chemical potential of at least 
about 0.5 ev. The isotopic hydrogen atom source is at 
least one of water, deuterated water and tritiated water. 
In one preferred embodiment stop (b) involves 
electrochemical decomposition of the isotopic hydrogen 
atom source and electrolytic compression of isotopic 
hydrogen atoms into the lattice structure. 
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purposes. for a v arist- cf 

perfor ni „ g uort , the meth :; t " h n e — .*= » -h.d of 

Stirling engine, for example. 

Step (b) of these methods invoi™ 
conditions to ind,,„ • involve energy i npu t 

electrolvsis w-h-h P^ererably involve 

Aysis Wlt ^ the material ar-i-i„~ 
-eriai u preferaWy a - . The 

carried out at a current n, h . e *«trolysis is 

-co mA cat h o™ ; c ?rro r about 2 and — 

—ity ieveis, as indicated JZZ^ ^ ^ 
embodiment, the material in the , 3 pr,te "^ 

«» Present indention is "^^t " """" °< 
to remove surface and near-surfacl 

inhibit capaMUty o f the met" t * ^ 

», - m^/:: \ ; 0 rr te 

at least a portion of any previous!, b ^ *° ^ 

a — . The treating incLdes u" C / B 

«t.X segment to remove a su Per£ L ' "^"^ °' the 

to remove machining residue Then. y . anab " s "n 
invoives one or- both o f tea in ^ „ f' 355 '"' 
a partial v=™. ^ C * pos "e to ,t le 



n seep 
v 



a partial vacuum. " posure to at leas 

As a method for producing a neu-rcn h 
-thed includ.. the additional J t ] 0 ]T ( 
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generated neutrons into a neutron beam. As a method of 
neutron-beam analysis of a target material this method 
comprises the steps of: (d) collimating at least a 
portion of neutrons produced by the reactor to form a 
neutron beam; (e) directing the neutron beam at the 
target material; and (f) measuring physical events which 
are produced by directing the beam onto the material. 

Figure I-1A shows a cubic face-centered crystal 
structure in the lattice of a metal, such as palladium, 
used in the present invention; 

Figure I-1B shows the expanded beta form of the 
lattice, and diffusion of an isotopic hydrogen atom into 
the lattice; 

Figure 1-2 schematically shows one embodiment of an 
electrolytic cell for compressing isotopic hydrogen 
nuclei into che lattice of a metal rod; 

Figure 1-3 schematically shows an embodiment of an 
electrolytic cell having a bipolar cell stack in a cell- 
pressed configuration, for compressing isotopic hydrogen 
nuclei, such as deuterons, into the lattice of a metal; 

Figure 1-4 Schematically illustrates an alternate 
method for achieving electrolytic compression of isotopic 
hydrogen atoms in a metal lattice; 

Figure 1-5 schematically illustrates a thin-film 
palladium electrode constructed for use in the invention; 

Figure 1-6 schematically illustrates a palladium 
coated electrode constructed for use in the invention; 
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Figure 1-7 s u 
Figure i-n 

Present invention. derived from the 

Figure i- 9 schematl 
recovering tritiun,. * lUu ""-«« * system for 

Figure 11-5 j_ s 

" " e «ron-bea. generatoTc^trt^T ' "'^^ Vi *» of 
en,bodi nent of tne invention " StrUCted according to one 

Figure n- 6 i s a . 
apparatus designed for n J^^ «* • 

° nS erab ^^nt of th . invention; graPhy ' aCCOrd ^ to 

Figure n-7 is a scnema . 
apparatus designed for neutron °f a neutron-oean 

analysis, according fcQ » ° r ""racticn 

invention; and en *°d imen t of the 

Figure xs-8 is a sch 
apparatus designed for neutron caT °' " nautro «-*a B 

spectroscopy, according to anoth 

invention; 3n ° ther embodiment of the 

Figure n H shoWs a 
calorimeter cell. c °™part:r,ent vacuum De-,- 

Figure in- 2A shows 

<°r Paction against g^ <* '"".0* circuit 

° tat filiations. 



Figure IU-2B shows a schematic of circuit for high 
stabilization of a regulated power supply used as a high 
output current galvanostat. 

Figure Iii- 3A shows the temperature above bath vs. 
time (upper) and cell potential vs. time data (lower) - 
a 0.4 x 10 cm Pd rod in o.l M LiOD solution. The applied 
current was £00 mA, the bath temperature was 29.87°c, and 
the estimated Q/ was 0.158 W. The time of the 
measurement (taken at the end of the calibration pulse) 
was approximately 0.45 x lo 6 s after the beginning of the 
experiment. 

Figure III-3B is the same as Figure III-3A except 
time of measurement approximately 0.89 x 10 6 s. Estimate 
Q f = 0.178 W. . 

Figure III-3C is the same as Figure IH-3A except 
time of measurement approximately 1.32 x 6 s. Estimated o 
= 0.372 W. ' 

Figure III-4A shows the temperature above bath vs 
time (upper) and cell potential vs. time data (lower) f~ 
a 0.2 x 10 cm Pd rod in 0.1 M LiOD solution. The applied 
current was 800 mA, the bath temperature was 29.90°c and 
the estimated Q f was 0.73 6 W. The time of the 
measurement (taken at the end of the calibration pulse) 
was approximately 0.28 x l0 6 s after the beginning of the 
experiment. 



Figure III-4B is the same as Fig Ure riI _ 4A cxcept 
tine of measurement approximately 0.54 x 10 6 s. Estimated 
Qj = 0.888W. 



suBsrnm mil 
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Figure Ili-4r i 

«- « « : P :::j:i: e :; ^ r=ePt 

Q, » 1.534 w. 10 S ' Estimated 

Figure Ili- 5A shows cell 
<»PP«> an, oell potant 'ST""" 

Current density 64 « " U °° 

i raA cin , bath temperature 29.87° C . 

Figure III-sb shows M i, t . 
<uPP.r, and cell potential s IZTT' ^ 
0-4 x 1.25 cm Pa rod eiectrodl „ <l0Uer ' Pl ° ts f « • 
current density 64 „ cm = "^"t _ ^ S ° 1Uti °"' 
This is a dif fer e nt =eU t'han t h '"^"^ = • 

5A. than that sh o„n in Figure III- 

Figure ln- 6A shows ^ ra 

generation as a function of time for tT Py 
III-5A. ° r the ce " in Figure 

Figure lii- 6B sh 
generation as a f unction of \ ^ -thaipy 
HI-5B. f ° r the c ell in Fiaure 



Figure ui- 7A shows total specific 
output as a function of time for th 6X0655 
5A. for the c ell in Figure in- 



Figure iii- 7B illu Strates t 

energy output as a function of tin,, / P ° ClflC SXCess 
Figure Ili- 5B for the cell in 



Figure IH- 8 shows the cell ,- 
Plot for a 0.4 x i. 2 5 ^ Pd el te! ^ature vs. tine 

period during which the cell " ° ' '~ LiC ° fcr * 

cell went to boil ina . 
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Figure II1-9 is a Log-log plot (excess enthalpy Vs 
current density) of the data in Tables II1-3 and III- ' 
A6.1. 

According to one aspect of the invention, it has 

^feTT 6 " iSOt ° PiC Such « and 

preferably deuterium atcns, when accumulated in the 

lattice of metals which are capable of dissolving 
hydrogen, can achieve a compression and mobility in the 
lattice which are sufficient to produce heat-generating 
events within the metal lattice which are believed to be 
fusion-related, as evidenced both by the amount and 
duration of heat released from the lattice, and by the 
generation of nuclear fusion products. These heat- 
generating events may be associated with neutron and 
trit^m production, and perhaps other nuclear reaction 
products. 

Section I describes materials and conditions 
suitable f or achieving the required conditions for heat- 
generating or neutron-producing events within a metal 
lattice. 



Section II describes the generation and use of 
neutrons according to the present invention. 

Section III describes a detailed analysis of 
conditions and events relating to heat and neutron 
production according to the present invention. 

SECTION I 

Mea t-Generating C ondi tions Within n M otal T ^ ir . t 
A • Metal Lattino 
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in th M6talS ^ metal all ° ys wh -h are suitaM , 

ln the P res *nt invention are th«, ! suitab ^ for use 

dissolving hydrogen in the L^L" <* 
electrolytic decomposition of h h ' s ^ as by (i) 

^rogen, adsorption of th T 611 ^ ^ 

lattice surface, and (iii) at ° miC h ^ogen on the 

the lattice. <*iffu slon of ^ 

The metal is also preferahw 
its structural integrity ^2 ° f Staining 

-pressed into the meJi ^ IT'VT^" " 
!•!■: nSar h ^ -turation. That ^^^ions, 
lattice should be candle , ' * metal 

an increase, concei £ ^ oHi"" 9 - """^ "'^ « 

SI 41." >, ana Bambakadis") of fh ' Danda P-"i 

"etals, ana particularly pailadi ^ 

-ia iuB , osnium , nlcl!ei y ^""»< rh °«™- rutneniu,. 

the reof . EUCh as paxxaaiu, t auoys 

alloys, are favored as J " Palladl uni/cerlu3 

tit.ni-.. 21 rco„ lM ; and :; fn t n 9roup IVA metais 

The group vin netals have cuhi. , 
lattice structure, as illustrated ,ae - een t.r.d 
diffusion of isotopic hydro, " " ^ " ith 

the lattice is able to a tfln"^ ^ ■ 
acc.nod.t.. a hion concentrati t0n 
the lattice, ana effect < "" U " d "o- into 

«d cracMnu. " eCtlVel >' P-vents locally strain 
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One possible mechanism for the nuclear-fusion events 
which are believed to occur within a metal lattice 
charged with isotopic hydrogen involves a correlation 
between the valence electrons in the metal lattice and 
pairs of isotopic hydrogen which allows the hydrogen- 
ato, pairs to become more localized and therefore .ore 
likely to fuse. Fusion occurring according to this 
mechanism may be favored by fermionic metals 
metals characterized by n(l /2 , spin states. ' E x ei n D iary 
fermionic metals would include titanium isotopes 22 Ti 
and Ti„ (together making up about 13% of the naturaUy 
occurring Ti nuclides), (making up afaout ^ 

percent of the naturally occurring Pd nuclides) " Co 
(making up 100% of naturally occurring Co nuclides) " 
Ru„ and Ru 101 (together making up about 3 0% of the 

naturally o-ccurring nuclides) 45 Rh t™^- 

y uxxaes; , Rh 1Q3 (making ud 100% of 

naturally occurring Rh nuclides) 77 Tr /« 
... f fcU S) ' Ir i93 (making up about 

63% of the naturally occurring ir nuclides), and 73 Pt 
(making up about 33.8% of the naturally occurring Pt 
nuclides) . y 

Naturally occurring palladium may be particularly 
favorable, since the "p^ isotope nas a relat 
large neutron cross section compared with other major 
isotopes present in naturally occurring Pd . Naturally 
occurring rhodium is also expected to provide a highly 
favorable lattice. 

As will be appreciated below, the metal lattice 
should also have (or be treated to have) surface 
properties which are favorable to charging with isotop lc 
hydrogen atoms. Where the metal is charged by 
electrochemical decomposition of isotopic hydrogen water 
as described below, the surface should favor the 
electrolytic formation of atonic isotopic hydrogen at the 
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lattice surface, and also favor efficient absorption cf 
the atomic ectopic hydrogen into the lattice. The 

such IsTt~ ^ defMted ln -*«»• 

such as platinum, „ noS e surface efficiently catalyses 
conversion ot atomic isot=pic ^ J 

at the expense of absorption into the lattice. 

For this reason, and as win be r „ du appreciated 

which otherwise night provide a favorable metal latti-= 
environment for isotopic hydrogen fusion, may be 
unsuitable. As will be discussed below, the problem of 
molecular hydrogen gas formation at the lattice surfa 
can be minted by the use of catalytic poisons, thus 
»a*lng usable otherwise potentially unusable Metal! 

I-purities, such as platinum, in a bulk-phase ne^al 

a : :„ paiiadiu " nay ais ° inhmt i^iz 

torn charging of the iattice, by promoting molecular cas 
crmation at the expense of hydrogen atom absorption " 
his regard, it is Known that many metal impurities "e- 

temperature for casting or annealing. For thi. >- 
-als such as palladium which have'been formed L 

i™::. si9nif icant piatin - 

tneir surface regions, and may therefore 
Show relatively poor charging efficiency. Conve " . 
solid lattice formed by casting or annealing, fol ou d 
machining or the l lke t0 rGnove ^ ^ ' 

would have relatively low surface impurities. Th 
machined iattice m,y be further treated, such as wit* 

rasives, to remove possibie surface contaminants ^ 
the machining process, such methods for reducing 
impurities in a metal lattice are Known. 
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Asvill be seen from below, a feature vhich is 

lltlTTrT bS imP ° rtant in inVenti ° n is <*~*ing a 

1" T ^ 3 ~ lati - of isotopic hydrogen 

atoms, particularly deuterium. In ffletals sucn as 

palladium which are known to undergo sig nif i cant 
hydriding (with ordinary hydrogen) over time ( M . , 
Veziroglu«>, Ron et al.<3>, Mueller ^ ^ (2)) ~£ 

therefore desirable to remove at least a portion of the 
ordinary hydrogen present in the lattice prior to 
charging, since this preexisting hydrogen may i init the 
available hydride sites in the lattice. Most preferably, 
all of the hydrogen should be removed. Methods for 
removing or desorbing hydrogen from a metal lattice such 
as by melting and cooling, or vacuum degassing are Known'. 

Figure ^i-ib illustrates a Pd-D (palladium-deuterium) 
lattice, showing deuterium nuclei moving freely into and 
out of a cell. Although the correct description of the 
palladium/ isotopic hydrogen atom system is still 
uncertain, experiments performed in support of -he 
present invention, in conjunction with subsequent 
experiments reported by others, indicate the follovina 
features: y 



1. The isotopic hydrogen atoms are highly mobile 
with a diffusion coefficient for deuterium, D d , of about 



10 
cm 



s at about 100° K . This feature has been deduced in 
part from the measured electrolytic separation facte- «• 
for hydrogen and deuterium, which shows that S varie- " 
with potential and approaches a- limiting value of 9 5 
indicating that the atomic species in the lattice are'^o 
loosely bound as to behave as three-dimensional classical 
vibrators. 



J d eu / he 1SOt ° PlC hydr ° 9en « "udei 

£i3., deuterons (D+) i n the i.ch,. ' 

migration of the nuclei 2 T ' " WUme ^- * 

nuclei in an electric field Tho 

lattice. structure of the metal 

3. It is possible to accumulate enough isotoD< . 
hydrogen atoms in the lattice to raise the chemical 
potential of the lattice to above 0 5 eV a „rt ! 

- 2 .V or more above the chem! a po t LTTtT 
metal equilibrated with the isotopic hydroge to B a 
standard pressure uithout input of _ 

4 Although the repulsive potential of the 
xsotopxc hydrogen nuclei is shielded to some extent bv 
electrons in the metal lattice, it is unli ke i y that * 
molecular isotopic hydrogen, M .. D „ is f< J^ 
the weak S-character of the electronic wavefunct ens 
Further, formation of hydrogen-is.otope gas in the u~< 
has not been observed. la.. ice 

The metal should be a solid forn i * • 
or . solid rod. sheet, or the 

to be charged by electrolysis, as described in "« 
below. Alternatively the „»..„ Section 13 

*». as described il's^oT * 
small particie form, such as when the ia i ™™ " 
charged by heating i„ tha presence of * J° »• 

described in section ID . The anode shoo! b ' " " 
spaced from the cathode in any of theso " ' ^ ^ly 

order to achieve uniforn ch t ^rations : .n 
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B- Electrolytic Compression 



Figure 1-2 shows an electrolytic cell or system 10 
for electrolytically charging a metal lattice with 
isotopic hydrogen atoms. As defined herein, "charging" 
means concentrating isotopic hydrogen atoms into a metal 
lattice. The charging process is also described as 
"compressing" isotopic hydrogen atoms into the lattice ,cr 
accumulating said atoms therein. As will be seen, the 
charging or concentrating process must be capable of 
concentrating isotopic hydrogen atoms into the lattice to 
a concentration significantly above the concentration of 
the hydrogen atoms in a metal hydride equilibrated at 
standard pressure (1 Bar at 273 °K) . 

In the electrolytic charging process illustrated in 
Figure 1-2, 'an. aqueous solution of isotopic hydrogen 
water is electrolytically decomposed to form isotopic 
hydrogen atoms, including (designated 1 1 H, or H) , 
deuterium atoms (designated 2 H or 2 D or D) , and tritium 
atoms (designated 3 X H or 3 T or T) , and preferably 
deuterium alone or in combination with ordinary hydrogen 
and/or tritium. The invention also contemplates loading 
of lithium atoms into the lattice, either alone or 
preferably in combination with isotopic hydrogen atoms, 
to achieve nuclear fusion reactions involving lithium 
nuclei, such as neutron interactions with lithium nuclei 
within the lattice to produce tritium. Suitable sources 
of lithium for charging are given below. 

The component which is decomposed to produce the 
isotopic hydrogen atoms is also referred to herein as the 
isotopic hydrogen atom source. One preferred source is 
an electrolyte solution of deuterated water, or an 
electrolyte solution of deuterated water containing 
ordinary water and/or tritiated water, containing an 
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electrolyte such as LiOD or Li cq- 'i 

variety of isotonic hydros " C eXM P le - A 

iterated and '"sources, such as 

tritiated acids n c n * 
deuterated or tritiated h* ' 24 r exan P le ' and 

capable of electrolytic alT' " Na0D ° r Li0D ' 

—spondin, to forn the 

gen ato ms are suitable. 

The electrolytic source preferable ■ 
ordinary water to heavy water It lnclu *« heavy 

0.5% ordinary water to 99 5% d / ° f b6tWeen about 

water. ' 5% deut «ium and/or tritiated 

Alternatively, the source of w • 

bS ° rdin ^ wt.r f deuterated water trT ^ 
any combination of the thro- ■ ' ritlated w ater, or 

the ration of ordinary hvd " ^ SUCh that 

lattice to the to^^H^T ^ ln ^ 

-tiu, nuclei ( tritonTIs r :;e^^Vb de : ter0nS, 

to 1:5. P^ererably between about 5:i 

A variety of non-aqueous solvents nav , 
suitable sources of the ien , ■ ' alS ° Provide 

as deuterated and/or tritiated , ! S ° UrCeS such 

=««e„ as ,- alkanas polynuclear ' Sln9le rin ? aronatics. 

(..-.o action, : M ztz: :::: r:: c r terocycies 

reductive decomposition to yie ld "si """"^ 
»*> a. hydro ge „ suUide J ^ ^ « OK 
-'vents „ y oe diiuted or suspended n ' ^ 
containing either non-isotopic or i, , ' 1,K °" S 
*-r solute components as L nc ;: n :;- ::: — «- 

The source fl uid nay al 

-•Mch functions to poisoa the c ^ * S ° 1UtS -T — t 

surface of the 
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cathode, to prevent reaction of surface bound isotopic 
hydrogen atoms with isotopic water, to form molecular 
isotopic hydrogen gas. a variety of compounds which a~ 
effective to inhibit the catalytic formation of molecula- 
hydrogen on a metal surface are well known. -ese 
include a number of sulfur-containing compounds, such as 
thiourea or hydrogen sulfide, as well as cyanide salts 
and the like and are added to the fluid in amounts 
effective to preferentially inhibit molecular gas 
formation on the lattice surface during electrolysis 
Concentrations of catalytic poisons which are effective 
in electrolyte solutions are known. Components to 
enhance electrolytic activity such as lithium sulfate mav 
also be added. 



The system may further include a non-submerged 
heating or catalytic element (not shown) which can be 
heated to promote catalytic recombination of molecular 
isotopic hydrogen, such as D 2 (formed at the cathode) ar.d 
0 2 (formed at the anode) to regenerate isotopic water. 
It is additionally possible to have a submerged cataly- - 
anode to serve this same purpose, particularly when the" 
system is infused with deuterium gas (D 2 ) . 

As shown in Figure 1-2, the aqueous source of 
isotopic hydrogen is in a container 14, which is 
preferably sealed, to recapture material, such as 
molecular isotopic hydrogen, which may be generated 
during electrolysis. The cathode or negative elect-ode 
m the system is formed by a ne tal rod 16 whose lat . ice 
is to be charged with isotopic hydroqcn atoms ^ 
indicated above, the cathode may be a block in the * 0 ", 
of a plate, rod, tube, rolled or planar sheet, or the 
like, or an electrode having a thin-film metal lattice 
as detailed in Section ID. As win bo apprecintcd ^ 
the shape and volume of the cathode will determine *he 
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amount of heat which can ho ~> - 

*ive„ electrical £££ the n etal, at . 

The anode or nosifi^ -, 

typically inc^^ ^ r^ 1 ^ 0 ^ " - *>» =y« en 

such as helical wire la \ Ulthin <="^^r. 

expect, to produce " Sh °"" - the figure is 
in the rod during the . £ - - or* h arge density 
The anode may be suitable ! eha *9">ST operation. 
Platinu., niccel, or carbon h " 
«it h the liguid ; oBp on "I in";* iCSelf r eact 
uhdesired reactions container to produce 

A charge-generator source ;n iB .k 
connected conventional to eLctr de " 
desired electrolytic deco.po on ' ^ " *" 
steady direct current m c , „ S ° Urce Da y b * a 

alternatively, an intent n TT^' " ^ « 
current source. Pulsed D.c. charge or 

The source typically is set f „ 
°*nsity of at least about j , * eu »'»'= 

TMs current le el \2 Z ^ ^ ««• 

aesired final chemical potior " '° "» 

ato„s in the „etal lattL. ^ e r ret " 
between about 2 and 2 000 ^ /CB = alth T""' *" 
currents „ay be used and ' '""""'n « v « higher 

* e used a nd may actuallv h 

Urger cathodes or with „ore conductive V"'*"" 1 * f ° r 

fluids. For eXMple , current 1 electrolytic 

10,000 „ /ai » or higher m J' "' UP to as high as 

^Plications. If th . curront US l\^ ««a in 

the diffusion rate of i c„- ° hiqh ' h °«evor, 

syste, towards formation of .olecuL ? ^ 

which low Grs the ef- cicnc „ ■ ! 1SOt ° pic hydrogen. 

; of heat generation in the 
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system. A stepwise electrolyte charging of the cathode, 
as illustrated in subsequent Sections, may be useful in 
avoiding the rate limiting effect particularly at 
increased current densities. 

In a charging operation to accumulate isotopic 
hydrogen atoms, the source fluid is placed into the 
container 14 to a level which submerges the electrodes, 
and the charge-generating source is initiated by being 
set to a desirable current level. The total required run 
time for a metal lattice of known dimensions can be 
generally determined from the above diffusion coefficient 

-7 -2 

of about 10 cm for hydrogen and isotopic hydrogen in 
the metal. Typically, for a metal rod whose diameter is 
in the mm range, run times of from several hours to 
several days may be required to reach the desired 
chemical potentials. For rods whose diameters are in the 
cm range, run times of up to several months or longer mav 
be required. An example for charging is to charge a 
cathode at a relatively low current level of about 64 
mA/cm for about 5 diffusional relaxation times and then 
to increase the current to a level of 128, 256, 512 
mA/cm 2 or higher in order to facilitate the heat 
generating events as is suggested by Table A6-1 in 
Section III. It has been found that the charging time 
(which varies at different cathode temperatures) 
generally follows the equation: 

time = 5 (radius) 2 

diffusion coefficient 

Thus, for a 0.2 cm radius palladium rod, the tine needed 
for sufficient charging to initiate . heat generation is: 



substitute sheet. 



-24- 



5(0 2 mn)2 
10"' cin^ sec" 

20 days 



The charging of the metal i o 

sufficient to produce a deslred ^ **= h 15 

events within the meta! lattice ™ ?' he "-^atin g 

generation of nuclear fusion products sill ' 

and tritium. ' SUCh as neutrons 

Preferably the metal is charnoH 
potential of ^ t charged to a chemical 

F entia - L °f at least about n . 

pressure (l bar at 271° lt \ ^ 

Specifically th! h ^' Wlth ° Ut Sner ^ in P"t. 

P cifically, the chemical potential of the charr, „ 

cathode metal is determined against a ref 

the same metal, eg Dallari . reference wire cf 

^i-H-, palladium, whinh h=»r- u 
elefctrolytically with th« " Char ^ 

T — - ---- ;rr- 

It x. estimated that the reference wire CO ntaL I ' 
0-e atoms of isotopic hydrogen per metal a t o nat ^ 
equilibrium. The chemical potently • „ 
«.« voltage potentiai nea J ' ' e \ IT^ 

—ode ana the e quilibraCeci ^ »«1 

recognized by those sKillod in the art that'tha h " 
potential expressed in el ectro„ volts (o v is 
eouivaient to the measured voltage potent a 7"^ 
measured 0.5V generally translates to a o 5 ' v ' 
P-ential. It wiu also be recogni:c / °^ " 

potential required to produce heat-genon ti' ^ 

yeneratir.g events nav 
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depend on the metal being charged. Therefore, some 
metals, e^. , zirconium, may produce such events at 
different, perhaps lower, chemical potentials. 

The electrolytic reaction steps which are 
responsible for charging a metal lattice in the system 
described above will be considered with respect to an 
alkaline solution of heavy water as a deuterium source. 
Below are shown the four reaction steps which must be 
considered when D 2 0 is reduced at the cathode: 

D 2° + e - D ads + 0D " (i) 

D ads + D 2° + e" - D 2 + OD" (ii) 

D ads ~* D lattice (iii) 

D ads + D ads - D 2 (iv) 

where D ads indicates adsorbed deuterium atoms, and D 
indicates deuterium diffused into the lattice. attl " 

At potentials more negative than +50 mV (referenced 
to a reversible hydrogen electrode) with the Pd-D lattice 
is in the beta (fl) phase, deuterium is in the form of 
isotopic protons and is highly mobile. 

The overall reaction path of D 2 evolution consists 
dominantly of steps (i) and (ii) so that the chemical 
potential of dissolved D + is normally determined by the 
relative rates of these two steps. The establishment of 
negative overpotentials on the outgoing interface of some 
metal electrodes for hydrogen discharge at the ongoing 
interface (determined by the balance of all the steps (i) 
to (iv)) demonstrates that the chemical potential can be 
raised to high values; chemical potentials as high as o.s 
ev can be achieved using palladium diffusion tubes (2.0 
eV cr higher may be achievable) . 
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Figure 1-3 i s a 

=y«e„ or ceu 24 hav ~T:T» ; ieu of - lytic 

provided with a series of » . cont =iner 26 is 

membranes 28 , 30> „ arr " eCtr ° de Cranes, such as 
™ese membranes fOM ' t f ^ » -tainer as sham 
charged by electrolytic d" " is *> b * 

membranes are preferably close . Mention. The 
or the li* e . E ac h me , In ° u a d Cke V heetS ° f 

2S a. 28b assooUted „ i e th ln ^ eS he « "»-. .uch as 

aissipatin, "eat generated ln "e T"! '« 

n "ie membranes. 

The membranes are joined by sealing , 
the container along their top LtL '"' aUs of 

T Pa " itim «» Verier of the ^ «*••• 

dosed compartments, such as th container into N+1 

«e left side of the container InT"^"' 34 

the compartment 36 between " T % ^ ™ =«*«„. 
c^partment 38 between the mem b 3 °' 
<* the container in the ^T"" " ^ ^ 

A valve-controlled conduit Jn 
compartment 34 for fUll <° ' °™unicates „ ith 

l^uid, and for removing 0 form d 

— tion. A conduit Tc^' — , 

compartments othe r than compartment "T"" <*■ 
(not shown, one for each hr ° Ugh v "ves 

chamber with source 1%° ^ZTT^ -h 
-ch chamber during opH^ 0 



2 f crr,ed i n 



The electrolytic riri,,' 

Provided by an anod )8 nd ' " 

cPPosite end walls of t6 1:"^= " Seated a, 

charge-generator source ■ . iner , as shown, and a 

ce -* 4 connectii 



^ng these two 



1 

t 

\ 
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electrodes. The electrodes may be any suitable electrode 
material. Preferably, the anode is platinum or carbon, 
and the cathode is palladium. The charge-generator 
source is designed to produce a current between the 
electrodes of preferably between about 2 and 2000 mA/cm 2 
(total area of the membranes), as above. 

A series of limiter circuits, such as circuit 46, 
one for each pair of membranes, such as membranes 28, 30, 
function during operation of the cell to equalize the 
currents in adjacent compartments, for a purpose to be 
described. Such limiter circuits are known in bipolar 
cell stack electrolytic cell circuits. 

In operation, each compartment is filled with the 
source fluid, such as lithium deuteroxide (LiOD) and 
ordinary water in D 2 o, and the current in the cell is 
adjusted to a suitable level. As indicated in the 
Figure, the voltage potential across the anode and 
cathode is distributed, in a series configuration, across 
each membrane, so that the left side of each membrane is 
negatively charged with respect to the immediately 
confronting anode or membrane surface, and the right side 
of each membrane is positively charged with respect to 
the immediately confronting membrane surface or cathode. 
Thus each compartment functions as an electrolytic cell 
in which the solvent source of isotopic hydrogens is 
electrolytically decomposed at one membrane surface to 
form isotopic hydrogen atoms which can then diffuse into 
that membrane. 



The electrolytic reaction steps which are 
responsible for charging a metal lattice in the stacked- 
cell system will be considered, as in the Figure 1-2 
electrolytic cell, with respect to an alkaline solution 
of heavy water as a deuterium source, and the four 
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reactions which r-^ 

icn can contribute to n ^ 
membranes: ° D com Pression i n the 

D a do + + - D a + CD" ' 

« d « lattice fi ... 

2 (iv) 

Reaction fi) occurs 
membrane in each compartment „• ^ ne ^ive> 

<"> ^ dv) in the memb^e Z7 ^ * 
compartment. Because D ' ° D Species in the 

« freely mobile nuclei '"th" ^ ^ Predomi ^tlv 
into an d through the M ^a„~ ^th^ ^ * ^ 
-n ci^. f to the righ t in the flgure T ^ in <*« 
lattice -toms reach the right side of he ^ 
reaction (Hi) in v . ° f tne membrane, 

<*ic> can then r l T rSVerSe P-d U ces 0 

1 cnen react with the nrT * a d s 

^ OT pa rtMn , Alternative h ; y 0D th 7- *« mi?rated . 

in compartment, vla ; -a, at oms can ^ 

the compartment. The charain ° D * ?as « 

•« - t h e plates are * — 

e^nL^t ^tl;' act to 

appreciated t h a n £ .^tment. lt can te 

y niai nt:aining the <-m->- 
compartment substantially equal tH " each 

in one compartment and drawn throu , M °" nt f ° raed 
r ighC -a dj acent compartmen „ ^° 

compartment. Thls „ini ni - es tne . ^ "^-adjacent 

-e compartments, i^., .^.J™ 10 " " ^"^ 
^ reaCti °" ° f D «. and CO" at tne monbran " °'° 
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One advantage of the stacked plate arrangement just 
described is that the amount of o 2 and D 2 formed in the 
system is minimized since o 2 formation is substantially 
limited to compartment 34 and D, formation is likewise 
minimized by recombining with OD" in each compartment. 
That is, the total chemical potential in the system, 
which is the sum of the individual chemical potentials of 
each membrane, per amount of molecular gas formed by 
electrolysis, is increased. The efficiency of the system 
is increased accordingly, and problems of recycling 
molecular gas are reduced. 

The stacked plate configuration also allows for a 
rather dense packing of charged plates, without the very 
long diffusion times which would be required to fully 
charge a solid block. The dense packing of charged 
plates, in turn, will result in a much higher neutron 
beam flux, as measured, for example, at the right side of 
the cell, since a large percentage of neutrons ejected 
from each internal plate will pass through the entire 
series cf plates in the cell. 

C. Charging with MPtal HvdriH^^ 

Figure 1-4 illustrates schematically an alternative 
system, indicated generally at 50, for compressing 
isotopic hydrogen atoms into a metal lattice, in 
accordance with the invention. 

The metal to be charged in this system is in the 
form of an intimate mixture of the metal and a metal 
isotopic hydride, such as a fused metal isotopic hydride 
salt, or a mixture of a fused metal salt and a metal 
hydride, which provides the source of isotopic hydrogen 
atcr.= . Exemplary fused r.etal hydrides include Li/Na/K/D 
(deuteride), and related hydrides such as Li/Ma/D. 



Exemplary mixtures of ft^on 

UAn ' «ar, LiH or NaT. 

The intimate mixture, which u 
at 52 in Figure 1-4 ia . 13 Sh ° Wn in P«"et form 

such as particles 54 w tTth ^ ^ P3rticles < 
— ating the mixturltt ^ C T ^ ^ 
to *nown Pelleti 2i n g method. ^£ 
hydride salts is calculated 1. metal to 

mixture. metal atoms in the 



The mixture is sintered at a suitahl* ■ 
temperature helo* the meitin, po^t „ f ^* T" 1 "' 
-coram, to ,„ow„ sinterm/me'tho! " TlllT' , 
56 ^ ' Pl 9 u " I- 9ives controls heatil T ^ 
mixture. After sinterina t„ Z 9 ° f the int ^"e 

-erial is measured Tl, I "T" 1 « 
sintered materia! nay be £urther ^ «>• 

.p«i«c. ily . the he: L c ist:- pa r cies - ho - 

ener g etio shoe, M ,e su„ ici „ \ " h"^ 
atoms into the netal + n G h V d r°?en 

Xe..t ahout 0.5 e ^ ^V'— —ntia: c ; ac 

/ within a period of nbout -■ 
less. lloouc a usee or 



Devices for focusing high enerav h. 

trials may follow, for ex Li T ° nt ° P<2lleted 

example, bean technology 
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deve loped i n connection with inertiar confinement of 
high-temperature plasmas. 

bv bS aPPreCi3ted that metal lattice formed 

by the s.ntenng method can be prepared to contain 

dieted ^V^' ° f atoms, such as 

selected levels of deuterium and tritium atoms. 

D - Thin-Filrn LafrHVpc 

Figures 1-5 and 1-6 illustrate two type, of thin- 
film metal lattice composite electrodes designed to 
support more controllable fusion reactions, in accordant 
with another aspect of the invention. The electrode 41 ' 
illustrated in Figure 1-5 is produced by forming a metal 
lattice thin-film 43 on an electrode substrate 45, such 
as carbon. 

In one embodiment, the substrate 45 may be an 
■.^active" material which itself cannot be charged wits 
xsotopic hydrogen atoms to a level which supports nuclei 
fusion events. 



Alternatively, the substrate 45 may be a material 
capable of supporting fusion reactions when charged with 
isotopic hydrogen atoms, as above. One advantaoe of th<s 
configuration is that the surface properties of't he ' 
substrate material can be largely masked in such a 
composite structure. For example, the substrate 4 5 nay 
be a platinum metal lattice which is coated with a thin 
palladium film 43. Here the palladium is effoctivo bot , 
to promote surface adsorption and diffusion of isotopic' 
hydrogen atoms into the electrode film 43 , and to fc 
catalytic formation of hydrogen gas -at the platinum 
interface 44. 
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i. 

In the embodiment in which ~hZZ ^ 
the fil B are lattiMs h - h the substrate and 

to produce h eat! ge :: rat n ! 5 1. Vith iSOt ° Pl < 
substrate materia! is preferably "T^ 10 "' th ° 
because of its level T " My ona Khic ». either 
catalvtf ^purities or its surface 

catalytic properties, cannot by itself h. ! 
electrolytically with readily charged 

substrate M t„ * .."T". «o„s. Pre£ 

erred 

i^-u.. ^ nLt rutheni ™- 

-tani™, platinM . hafnium _ ^ * ; 

Likewise the thin l -»ereot. 
ne tnir »-film metal similar! v < «. 

support energy or neutron-producin, react • ^ ^ 
selected chemical potential an,! reaCtl ° nS ' at a 
•U» the metal Jbe ^ ed J ^ 
m» -Ul. include those p'revio s leT thi "" 

-oys thereof,' Z 'p "T"' «=* 
-henium, iridic, and """^ 



known 



The thin-fii m may be formed by a vari„* , 
ttin-m, deposition methods, inc lu d ng L ^ 
evaporation, and chemi^i s PUttering, 

- deposition oondt;::: r tt s:r Typic — 

of between about so-soo A in th L 3 ^ 

films may be suitable. although thicker 

in one thin-f ilm nethod , deposition . 

out in a closed chamber by no m , * P ° Sltl ° n 13 carried 

eir D y U( - magnetron nr Dr ^ 
sputtering, at a seW^w Plasma 

-topic hydrogen atoms i„ tne thin _ fi ^ < d 
e,a„ p le. the sput tor i ng may „. c „ riGd 1 ^ «• • F=r 

deuterium/tritium atmosphere, to "seed', th , I ■ 
a desired concentration „» • lattice with 

ration of isotopic hydrogen. 
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sd 
ed 
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»i" latti ; e cath :; e des :i:r: h : b t 7' ln piace ° f * 

« charged electrochemically to ™ * h '. th «-'^ l«tic 
sufficient to pronote . fusL r e a ct=T P ° te " tial 

supports fusion reactions can b ! WMCh 
quic Wy t0 a desired U v ! and tr" 5 ^ rSlatlVely 
expended relatively qu ic*ly £ j*^ 1 ™ ^ 
dissipation fro, the thin fu „ can 1 9 9 ' Als °-i^5 
controlled by <Hni a «, . e ""^ accurately 

y -iHijnow in contact with t h . 
"ample, through ^hT^ s trate. ~ ' f ° r 

Figure 1-6 shows a tubular „i .. 
feeing a thin metal-lattic ? , " PrMU « d by 

tubular substrate 51 1 , " °" 3 
substrate, such as a'cal ^ Hr^ * » 
itself be formed of a nater/^ alte ™«ively 31f 
of supporting fusion rl* T 9 * 1 " ti « ™= 
^rogen atoms, as above " lth ^"oplc 

In still another embodiment th» ,. 
a material, such as tungsten k SUbSt " ta 51 «r be 

absorb gamma rays or oth 1 7 " *> 

thih-fum, ul th the P ro::: t TTzrr: in che 

embodiment, the energy produced b / ^ " ^ 

fUm 4. can be dissipated both by in "^7 \" ^ 
fluid flow. 7 lntorna l and external 



In still another embodiment th„ 
sheeted material whose at-,- ' ' h My « 

bombardment with hiqh onc-T ' 

gamma rays, neutrons, a or : 



\ 
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' 1\ 

Particles produced by th* >• ' 

-uch a su bs t rate : a ! e : e Ct ^ entS *» th. thin 
P-duce selected metal US6d ' f - to 

- a -.iconductor s^rLrt" * ^ 3 
"otopic dopants. Subs ^ate, with selected ' 



(c) 
(e) 



In act =°rdance with^n^^"^^ 1 -^^^^^ 
invention n, another aspect of t-hl 

ntlon ' the apparatus include ° f the Present 

charged Mtal , ~an. for excit ing the 

T ^ Siting means may ««* * -ys or particles. 

U) lnc °rporation of radin , 

^ ^ radi : ; ;;:t c "°- s <» ««,. 

n-utron., into the Mt ,°^» ™^ 

<°) "corporation of r arti lattlce -- 

»u id source of J^l 0 i 1 " 0 h t0PlC - t.,e 

^nation of a th, hr *°™l 

or a thin metal lat-t-^ 

««oi S otopic substrate; ° n 3 

incorporation of a <-,,< • ' • 

— ^ttice sLtrate ° tOPiC ^ °" • 

Placement of a ^-r-o 

— e - ~ 

within the core of the iatttce ^ " 
' ' ?"»™"<>» <* neutrons in the *' 
"corporation of beryiiiu. 

lattice, and/or the ad \ ' int ° the 

generation o ^ , ^""^ 
-corporation .VETo" S.^ 1 '^ * 

or the charged lat-n 
•"ergy P ar ticle source * ^ a hich- 

« ""tron or positron sou ^^' »«c> as 
deuteron accei Grator- r a prot °n cr 

In one embodiment th 
atoms, such as 6 ° C c, ^ L^m C ° ntains radioacf-e 
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h ;»-"«W Particles or upon UP ° n b °»»ar d ed ^ 

*«* eject hi gh enero/"'" T'^ 1 " 9 or 

* uces neutrons „ nen b 0 „ b , rd ^ "^""n. which 
*°«n, which produces al T Vlth al ° ha Particles „ 

— neutrons, ^ Z^* — a W ^ 

*o»barded vlth hich-. n e " «.„ 
«**i~nt. the charoe d r at t ° nS - In a "° th « 
™«»i..tpp lo source or subm ' " ""^ • 

e°: b s : iution ° f »«oi.oC n?:: in a tiuid — - 

embodiment- •, at °ms. i n 

ent '- th e lattice is u nynU Stl11 another 

neutrons, protons , dsate *^ with hioh-ener gy 
*>^-ener gy particle « the Uke from an J" 

—tor or en electric. 

This section considers fusi 
^neratinc eV e nCs ™ '""on-related heat 

i"tice structure charged"^ <" *» « 

S — al basic heat 9ed atopic hydrogen. 

™"»« of the P rese n t ^^ed ln 

"thodic reduction „ f Dj0 ".T^. ^ on the 

'^poraturc u-i„„ 3 U,UId P ha " at near 

re u.i„, current densiti»» w r o°"> 
'P to 70 M/C ,J Th aensitl « between about n » 

' The deuterium »t.. °' 3 and 

■«o sheet a „ d rcd sa ™ ato " s -r. compressed 

400 - *. s» o, 0 + 0 p ,;;; f 7»«- fron 0 . lfl 

-re TC asure 1 — «— 

lnc ? -Pes of observations escr ^ed above. The 

■ LCns were made: 
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low curLt a d 0ri "! triC meaS ~ ts ot heat balances at 
low current densxtxes « 1 . 6mA cm - 2) were _ 

natrney, PLC) surrounded by a larn 6 

counter electrode. Heasurem n Her! . 

°ewar cell, maintained in a large coLtant t " 

water bath ,«.•„,, the temperature L d e l'^" 

of the water u • mside the cell and 

the„ 5 m ° nito "< i "ith Bectaann 

thermometers. The heavy water equivalent (HVE, of the 

Oewar cell and contents ana the rate of Kewton s L o« 

coo xn .osses were determined by addition „ f hot old 

by following the cooling curves. 2 

(2) Calorimetric measurements at h^n 
den«?iri« „ . ts at hl ? h current 

densxt.es were carrxed out usi„ g X, 2 , and 4 ™ diameter 
* 10 cm long rods (obtained from Johnson-Hatthey P LC , 
surrounded by a piatinum wire anode wound on ^ 
glass rods. The Dewar cells were fitted with 
-aters for determination of „ewton • T^JT^^ 

:::::i: t r ^ r™ -t- — 

, erring m these experiments (and in those 
listed under 1) was achieved by gas sparain. • 

i 1 ^ sparging usina 

electrolytically generated D,. m lona t„ 

t_ 2 -i-ong term experiinpnt-c 

it has been confirmed that the rates of add if 

to *-k« . ot add ition of d„0 

to t he cells requlred tQ Minta . n ^ s 

that reguxred xf reactions and ^ " 

IB above, are nearly balanced by the reaction! 

40D- - 2D 2 0 * 0 2 + 4e" (v) 

Furthermore, subtraction of the ohmic potcntia! 
1 sses ln soiution for the ceU containing the large 

::::r;:::i; ?: th : t — ■ - - 

^ controlled by processes ,i) and " " a " 10n 

inj, and (iv). With 
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■'nun 



nd 



this assumption, it has been found that tho , • 

°7Z: : cooun? aimost ^„ e rate 



higher current densities of l. 2nA and ^ 

« excess enthalpv generation of >n and > 25% of t 
rate of 3 oule heating was observed (thes* values make an 

evolution takes place from o.l„ L i00 rather than'o o 

sets of long tarn, measurements. 

which were seen with a v.riety of cathode geometries 
Sizes an d current densities. The exc.s, " etries . 
rate was calculated as the specific heating 

icuiated as the amount of heat produced less 
the 3 oule-heat input used in charging the electro! ' 
.oule-heat input j. also referred to'herei I "ou ^ 
heat equivalent, was determined by the equation: 

■ J = I (V-1.54 volts) 

"here I is the cell current , y< ^ 

electrodes, and !. 54 volts ls the voltage at 
reaotions and (iv) fay 

are thermoneutral. U ., the voltage where the cell 
neither absorbs nor gives out Heat. The excess spe= i£ic 

heat values are exorps^pH ^ pu - Uic 
watts/cm'. eX<:05S SPeCific he " »t. in 
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Electrode Fio„«._ . 

5Typ e Electrode 



TABLEI-a 



Dimensions Excess 

(mA/cm ) e ^ . ^ . 

' Specific 

Heat Rate 

rod , fwart/rr, 5 ) 

rod -1X1 oca 

IxiOcm 5 



rod •«±ucai g .095 

•lxi 0cm i.oi 
rod 8.3 3 



8 



rod .2xi0cm 

rod -2x10cm .115 

•2xi0cm 1.57 

rod 9 -61 

rod , *\ 1 ° cm 8 

rod -4x10cm .122 

.4xi0cm 5 J 2 1.39 

sheet „ 21.4 
sheet -2x8x8cm 

sheet -2x8x8cm f 0 

•2x8x8cm x 'g .0021 

cube , 3 * .0061 

1 cm J 



125 



overheating 



The parameters which affect e »th*i • 
production c enthalpic heat 

P auction in the compressed lattice a „„ «. K 
magnitude of the effects can * " atUre anc * 

^ ±ess the iouIp h oa f 
required to charge the lattice and „ ^""alent 
in a charged condition, ls „ V lntai " the ^"ice 

applied current denslt on the 

the chemical potential, an f 1' ° f the =hift Sa 

of the eiectrodes, i * " to the ve, c ». 

i- the bul , oc thQ ^j;;;;;;^ — * «. « TOln! 

(b) enthalpy generation rm' 
the paUadiu, e lo ctrod». th " ^ 10 W " t! "« J »f 

- th i= is maintained for 
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1 W 

\\ 

experiment times in excess of 1M hc.-^iurin, which 
typxc.ll, heat in excess of 4 of electrode volune 

was liberated. 

(c) excess heat substantially in excess of 
breakeven can be achieved, m fact, it can be seen that 
reasonable projections to 1000% can be made. 

(d) the effects have been determined using 0,0 with 

s,an amounts , 0 . 5 . 5%) ord . nary water _ project . on > to 

use of appropnate D 2 o/DTO/T 2 o mixtures (as is commonly 
done in fusion research, might therefore be expected to 
yxeld thermal excesses in the range io» - 10 «* (even in 
the absence of spin polarization, with enthalpy reieases 

m excess of 10 kw/rm 3 tv i~ 

/Cm * Ifc 13 reported here that under 
the conditions of the last experiment reported in the 
table, using alone, a substantial portion of the 
cathode fused (melting point 1554°), indicating that ve>-y 
nigh reaction temperatures can be achieved. 

One possible explanation for the generation of 
excess enthalpic heat seen in the charged lattice would 
involve reactions between compressed nuclei within the 
lattice. As noted above, isotopic hydrogen nuclei 
dissolved in a metal lattice in accordance with the 
invention are highly compressed and mobile. m spite of 
this high compression, molecular isotopic hydrooen < e 
D 2 is not formed, due to the low S-electron character^ ' 
the electronic wavef unctions . The low-s character, 

however, combined with the hi oh „„„ 

tne high compression and nobilitv 
of the dissolved species, suggests the possibility f or 1 
significant number of close collisions between the 

dissolved nuclei. it i- fh„ ro f„ , 

lo th£? refore plausible to consider 
tnat some of these col l icin«^ 

cnese coin slons produca reactions between 
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y occur „ the case of deuterium isotopic „ ydroge „ are 



2 0 * 2 D ~ 3 T(1.01MeV) + H(3.02MeV) (vl , 

»n I " 4 3He( °- 82HeV ' + n<=.45MeV, (vii) 

D - He + gamma (24 MeV) (viii) 



"actions „oul d be reaaUy detected 
prcduct.cn c f t rl t lun (T) . and , enerat ion q£ y ^ 
neutrons (n) and gamna rays. W 

The rate of production/accumulation of tritium (T, 
was measured using cells (test tubes sealed with 

^rcgen phthalatl. - 
usxng Ready-Gel liqul d scintillation codct.il IndT 
Bac kH ann LS5000TO counting system. The counti" 

s e tand Cle r y deterained t0 b * approximately < 5S 
standard samples of T-containin, solutions. 

in these experiments, standard additions of lm L o- 
the Electrolyte were made following sampling Lo, 
0 2 0 due to electrolysis in these and an the'other ' 
experiments recorded here were made up using Dj0 alon . 

record of the volume of 0,0 additions was made for n 
the experxments. ,„ all of the experiments, all 
connections were sealed. 

-^^rp-^^its^rrixttt^r 3 ^^ 

™ of electrolyte-. Fi gure which I 

-.«y scintillation spectrum of a typical sample 
demonstrates that the species is indeed tritium ' 
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Application: Elen-r^v GpnpT -^^ 
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Figure 1-9 is a schematic view of electrical 
generator apparatus 3 2 constructed according to one 
embodiment of the invention. The apparatus generally 
includes a reactor 34 which generates heat in accordance 
with the principles of the invention, and a generator ^5 
which transforms heat produced in the reactor to 
electricity. The embodiment illustrated employs 
electrolytic compression of isotopic hydrogen atoms frcn 
an aqueous medium to charge a metal cathode. 

Reactor 34 includes a reactor chamber 37 enclosed - 
a shield 38 which provides neutrons shielding, where as 
here, the source of isotopic hydrogen atoms is an aqueous 
medium, the chamber is preferably designed for high 
pressure operation to allow fluid temperatures in the 
reactor substantially above 100°c. 

The reactor chamber houses one or more cathode net- 
rods, such as rod 40, which serve as the metal lattice Z 
be charged with isotopic hydrogen atoms, in accordance 
with the principles of the invention, and which therefore 
have the properties discussed above which allow 
compression or accumulation of isotopic hydrogen atoms in 
the metal lattice. Although a single metal rod would be 
suitable for a relatively small-scale reactor, where the 
rods are several cm or larger in diameter, a plurality o* 
rods is preferred, due to the long periods which would be 
required for diffusion into a large-diameter rod. 
Alternatively, the cathode may be a sheet in a pleated c- 
spiral form. An anode 4 1 is formed on the outer chamber' 
surface, as shown. 



The reactor chamber is filled with the source of 
isotopic hydrogen atoms, such as LiOD in deuterated 



1 
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««er, as shown in the fi gure , t ,, „, 
^composition of the source a n d "'"""Wie 
isotopic hydrogen ato»s " """^ of 

by . charge-genera u^ 
above. The ca fh^„ 44 ' as detailed 

are also re £ errea t^ IT' " source 

i- the lattice of the ^"J^ f ™ 

electrolytic means. l°°e (s j, and as 

«JS r;:r;; : h -cTo~ — ■ - 

«uid through a conduit 43 nt th ° ClrCUl " e mM 
hsated within the reactor t. b "* " Uid 

the generator, for stea n genjat o b Sh ° Un ' "^^ 
stea» turMne in the generated ThU s I* "T^ 1 
the charged netal cathode ,s) in th! ' " 

utilized, via heat Mrt reaCt ° r is thu = 

' . near exchange faetwepn 
generator, to drive tho Cetween th e reactor and the 

' to ar ^e the generator for elec^i Ml 
generation. Although not shown the J 
connected to source 44 for # generat - «Y be 

-ectricitv generated 117^ °' 

source 44. f the a PParatus to 

The generator may also include a reactor fi -« > 
circulation system for supnlvi™ react °r-f luid , 

reactor, and f or removing "IZT" ^ I 

tritium.. 5 aCt ° r deducts, including \ 

It will be appreciated that t-h« 
alternative!, he designed for operati""^" 
of several hundred degrees c „ rh "™Peratures 
efficient conversion of I t ! lce ^ <° 
stea„ turbine. Such a react ""° in a 

-tin, to produce isotopic hydrogen IVllL^Tinto 

SUBSTITUTE SHEET 
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aatal partidaa, as daacribad hiriln. Tha resulting 
rapidly haatad paxtiola naaa oould ba ooolad, for 

exaapla, by circulating lithiua or tha lika, .wording 'to 
known raactor daaigns. 

Froa tha foragoing, it oan ba appraoiatad hov tha 
ganarator apparatus aeata various objacta of tha 
invention. Tha apparatus utilises dautariua, a virtually 
inaxhauatibie apurea of energy, to produca heat, and the 
producta of tha reaction — tritiua and presuaably 
iaotapes of Ha — ara aithar ahort-livad (tritiua) or 
ralativaly benign (haliua) . ?urth«r, tha apparatus can 
ba constructed on a amall scale, suitable, for exaapla, 
for a portabla ganarator. 

H. RaactTPT- Produg«f Stietjytry 

Tha heat-genarating raaotiona which occur in a aatal 
lattica chargad with dautariua oan ba characterized by 
tritiua production. Tritiua can ba foraad in tha reactor 
•ither aa tritiatad haavy vatar (DM) or, by alactrolyaie 
of Dto, as tritiatad dautariua gas (DT) . Whara tha 
reactor aourca also contains ordinary vatar, additional 
tritiatad apaoiaa HTO and HT gas aay also ba foraad. 
ainoa tha aaount of tritiua in tha raaotor will build up 
ovar tiae, tha raaotor la pref arably provided with an 
attraction ayataa for raaoving tritiua and maintaining 
tha tritiua lavala in tha raaotor within praaalactad 
levels. 

figure 1-10 ia a schenatio viaw of an attraction 
ayatea 160 deaigned for ramoving tritiua froa both 
raactor water and gas ganaratad within tha raactor. ?he 
•ayataa ia daalgnad to carry out two aepaxata prooaasaat 
ona which tranafars tritiua in tha raactor sourca to 
dautariua. or hydrogan gaa, and tha aacond to aaparatad 



-44- 



"dieted generaUy \ t ld ^ophcMc catalytic bed. 

^PPlied through , 4^/™ tro » «» "actor ceu ls 

ceu t0 tt . cat ;;;;; * - r „ is supplied 

The water fron the reactor , , , 
-tact via, a deuterium gaTst " V* " 
circulation through the bed Th , " Cottnt «-««.nt 
"JT be supplied fro> a gas-distn, ^ "rean, 

» «•««. as described he 1 n t " ^ 1M 

ccuntercurrent f low ov „ . h ' ln tritl ™ ^Paretic 
react ion: the c «alytic bed promot 



on. The 
es the 



DTO +D catalyst ^ 

2 > D 2 0 + DT. 



.°P-t io „ of U quid - phase 9 c h atal t y U t b ; ■ -nd 
*-^ed in prior I xnv entiQn ^ ^ 

art - S and are known in 



the 



gned f cr 



Alternatively, the catal . 
Uquxd-phase counter-current I 

*»»n .ethods. „ era tne ™ 0 * according to 

vaporized and superheated thin " "'"^ is 
hydrophcbic catalytic be/ " ° V<Sr th = 

-uteriu, gas stria! Tr^T'^^ *° «« 

l ^-sed r a nTri:;r h ;ir t :r ion ' - 

co the reactor 
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The gas stream coning out of th* 
dried and purified an n t^-^iange bed is 

cryogenic Ltililo thr ° Ugh * tUbe 17 ° to 

y distillation column 166 thm.mh 

The column contain, sul.er p^Jl ^7 " ^ 161 " 

liquid h.Uu, £rom an auxiliary Uauid h ? C °° led 

170. DistiUation is carried outTab \ 

0 2 which is concentrate at th , ' ^ bar - Ths 

which is partiaily strippl! 7^ Ts 

i.e. « a"::?' iSOtOPl= hydr °' en «>. coiu 0n , 

the upper portion o f the column' "yt^^"" " 
converter iso. to obtain accordin, Jte rettlV 



2 °T - T 2 + D 2 . 



lower end. The T 2 the 

e L 2 ls withdrawn periodicaliv fc 
'"her in a oas container, such as conta 

»et,l tritide. The system is capable of 1Z " " 

tritium to about 98 mole percent purity ' ^ 

It will be appreciated that where t-h- 
contains ordinary Hj and DH ^V^T 

formed both in the reactor and by ^ « 

with o 2 . This gas may be separated from D nr . 

the cryogenic distiliation columns, and e ? » ^ 

of, e.g., by combustion with 0,. ' deposed 

The above described system is designed to 
tritium from the reactor water ^ \ ""^ 

r water. As noted above, the 
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electronic compression process'^ "' 

«» generates molecular Lot! T""^ " the «•«= 
» formed by electrolytL L c ydr ° 9en ' °< »<• 

contains tritiated hea^ w^ °< »«" 

reconverted to water, by catalv, may be 

"actor, as noted above C " alytlC «"*»=tion within the 

Alternative^, or ln 

d -cti y into .et;::; : c ^tuLr the — 
srr- — ----- in the 

-r tritij eX chan ^ 7™ " * 

generating D, and T as ah " and <*e DT 

2 x 2' as above. 

vario^^d'iMona"^,:; oTthe h °« 

heat-generating reaction 'J^^T""" ^ 
the reactor generate tritiu. k ""^ latti « o£ 

utiUzed as a source oTisot " ^ »° 

— type, and can ai " ' « 

tor other purposes, su-h " adUy lsol «e1 in pure forn 
diagnostic uses. " »«»ic.l and 

iaa-I (Incorporated by ».,„, 
1- "Technology Assessment Renort- 

V.S- and Internationa: °" St — The 

Congress, office of TecLl EnGrgy "' US 

Congress. Oology Assessment, 100 th 
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SECTION IT 
Neutron ^neratinn *M AddI i i ^ 

According to one aspect of the invention ^ has 
been discovered that isotopic hydrogen atoms, 'such as 
deuterium atoms, when diffused into the lattice of metals 
which are capable of dissolving hydrogen, can achieve a 
compression and mobility in the lattice which is 
sufficient to produce neutron-generating events. The 
neutron-generating events are also characterized by 
extra-enthalpic heat generation; that is, the arncun- ^ 
heat generated in the lattice is substantially create/ 
than the joule-heat equivalent used to charge the l at ^ c . 
to a chemical potential at which the neutron-generat^ ~ 
events occur. Section I, as previously noted, describes 
materials and conditions suitable for achieving the 
required conditions fcr the neutron-generation events 
within a metal lattice. 



Neutrons produced bv i-h - — 
counted to proda j;i Utile, are 

used in . vari „ eutr " n ° and b.. a is 

«t.ri.x.. TMs y se= t i:;t;; b ::: s n « h -= f ° r 

^signed for neutron-bea, ^ £ appa ratus 

•Lysis of target materials. 
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As noted above, and according to an • 
of the invention, it has „ ! ^Portant 
lattice charged „ ih h yl 0 dlSCOVe " d ««" » -tax 
Potentiai o/at ieast I ^ « — 

generating events uhf * Promotes neutron- 

o* ^-.L^^/" * «» Paction 

One explanation for rho „ 

~- ^ the .etai^tL 9 ;:::"; 0 ;: 1 r trons 

13 the Polity of reaction, between c ^ llitlc " 
within the iattice. As noted .J.^" 

nuciei dissoived in a netal lattice at " 0t ° PiC 

Potentiais above about 0.5 eV ■ \, 

■nobiie. In spite of th , W hl « hl * —pressed and 

fite or this high compression n < 
formed, due to the i„ a , , ' D 3 ls not 

-ctronic «*^r^tr r " " e 

combined with the hiVh character, however 

tne high compression of th 0 ^ 
species, suggests h ho • dissolved 

uygests the possibility for ^ c • 
number of close mir • S1 9nificant 

<-iose collisions between rho ^- 

" ^ therefore piausibie to co I d r^ 0 ^ 
collisions produce rGactions batB ^ n " nu t c h "."« ° f these 
-actions which „ight be expected ^ ^ 

containing pre^on i n.nt- , , lattice 
9 Predominantly deuterium nucl ei aro: 

D + D - 3 T(i.o 1Hev) „ „ (3 . 02MOV) 

' (VI) 



These reactions would account r^~ZC~ 
tritium f »Hi »m „ . ™' for the aeneration of 

( H) and neutrons (n) in the metal 

lattile T"" neUtr °" 9ener " i0 " in • =»«ged metal 
lattice, the neutron flux from a 1mm diameter x 10=. , 
palladium rod cathode was measured using a „ a L ^ 
Neutron Dose Equivalent Monitor, Type The 

counting efficiency of this Bonner-sphere tyl inst 

for ? q Wo n ^ ^ uere ^ype instrument 

for 2.5 Hev neutrons was estimated to be about 2.4 x 10" 

• Further, the collection efficiency of the 
spectrometer for the cell geometry used is very P cor 
Nonetheless, these experiments monitored neutron 
generation levels severalfold above background at the 
monitoring electrode. 

several basic heat generation experiments were 
Performed to demonstrate that the neutron-generating 
ev nts occurring in a charge metal lattice also in ol ve 
the production of excess enthalpic heat, i. a . „eat in 
excess of the joule-heat eguivaient energised in 
Charging the metal lattice. The experiments were based 
on the cathodic reduction of D,o from liquid 
near room temperature using current densities between 
about 0.3 and up to 70 nA/c-, 2 Tk „ , , . scueen 

f /u mA/ea . The deuterium atoms were 
compressed into sheet and rod samples of pailadium metal 
from o.lM MOD in „.„ D;0 + 0-MHjO 

Electrode potentials were measured with respect to a Pd- 
D reference electrode charged to phase equilibrium, as 
described above. 



Applications 



A * ^£Xorirgejini_Generat.nr 



Figure II-5 is a schematic view 



generator 60 constructed acccrdi 



or a neutrcn-bear, 



ng to the invention. The 
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generator includes a stack d " 

generates neutrons in accord^ 1 ^ 62 Which 

invention, and a coTL at ^ ^ "^P*" of 
neutrons produced in t he reac " " ^ C0lll «t.. 
indicated at 61. eactor to form a neutron bean 

Where the source of i *. 
deuterium and tritium" atoms ^ hydr ° 9en Yields bct * 
be expected i n the lattice i^ 0 ^ reacti °" which w ou i d 



2 D + 3 T - 3 He(0.82MeV) + n(17> 



58 MeV) , . . 



which would yield neutrons with an 

the 17.5 MeV range. energy di ^ributicn in 

The collimator illustrai-oH • 

«*.«,«* c oUiMtor de "g ned d ln Fl9U " i- a 

high-energy or thermal educing a beam 

yjr tnermal neutrons H f 
reactor are thermalized beforo he neut «"= £rc^ the 

"Hi-tor,. An UDStrean c „n • ° r WltM » «>• 

<* «.t or n ach ined . ; n TZZr tim 80 " — 
« adjacent the reactor . ' hM * C1 «"l« aperture 

barrel is llned wi The interior of the 

... t yPically less thaVt 1 ™ ;: b r — 

the raal neutrons, . nateclaJ .„^ ti ^ U " « keratin, 
neutron, such as . polyethyl ^ 

be ln terpose d between the reactor T °" n > ' M >' 

"°use d uithin the coll lnator . col "»tor or 

A downstream colli-m-n- 
•i-i-u- or the U *. a d hH H' 10 " " » - 

8 » i. a shield n Lr h 056d b " Ue0n SeC "°- .« 
removable fi ,. er „ . h ° Usln ' 3 92 "ntaining a 

filter, for fUterLT" " " biS ™ Ch "°"°«ystal 

■»n, can., a rays fro, the neutron bean. 
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The. collimator and reactor may be submprn „ • 
Pool whose ce^nt wall is indicated y a ^00" 7 ^ 
as a neutron shield. P ° o1 acts 

Ther^lT?' referen « S ' "Collimators for 

Thermal Heutron Radiography" HarJcgrat , ed D J 

Co., Boston MA, (19B7^ iGei 

uy«/) , describe further rfaf.n 
construction of ^ coUiM - ^ - 

-the a PP aratus is aU0 referred ^ ^ ^-or 

neutron" T" ' PP " Ci "' d fr °" «>• foregoing how the 
neutron-beam generator meets various objects of the 
invents. The source of neutrons i„ the generl- 
sim P le ana inexpensive, retiring, in one e^ t " 
only an electrolytic system for slo „ charg q£ n ^ 
lattice with isotopic hydrogen atoms. Unlifcl 
conventional radio-isotope sources of neutrons t.*e 
source can he readi ly recharged without isotope ha'nd- 
Further, health and safety problems associated w'' 

i:::::: able isot ° pes such - ~» - — « 



Although the system has a limited neutron flux 
output when compared with a nuclear reactor or p rticl 
accelerator, the neutron output can he selective , 
increased, for example, by increasing the number and,cr 
tmcness and/or chemical potential of the metal P la L 
" a reactor, further, the energy distribution o he 
™ n : Utr °" S «" b = »l««iv. ly varied from low-ene-- • 
herna neutrons ( or even cold neutrons, produced by""'" 
ermal „ ln , the beam, according to conventional me hods 

/• 5 ^ ° '""0= Charged with a ai xt™. c - 

csutcrium and tritium atoms. 
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Radiography i s a i-^* • 

exposing the materia! to \ " produ «d bv 

important »aterial-relat J ° f radiati °n- The 

the cress-section J^l!"^ ln 
probability that an aton, .u/" ' d «="*es the 

«*- P-sin g through the material T t """ ti « 
"diography, the oross-sectioT ° f *™ 

increase with increasing ► ° elen,ents 9enerallv 
Secular weight ^ « «»* high 

•"•"in, against penetration by ^' r .T"' """^ 

particuiar, is relatively hLh , ' ^ in 

"^rogen, lithium. ^J/ f ° C •** as 

'« --t. such as i::;i u , 9 : ; u ; nd »;- tiv - ly 1 =- 

" d ~ ( „ eutron ^ • « " ^ carbon, o xysen , 

•'•; =>erga H cn Press. New Vor* n^n ' ' *- E - 

radiography thus provides a „' • NGUtr °" 

<*• presence of the hLh f0r ""ect^ 

in a ^VoT^"™ 0 " « 
«• Presence of a Zl 'l " "^'^ « «"«,„,.. 

in a highe cr : ; ;;:: ctlon Mterui - •««• •• 

cross-section material. 

Figure u-6 is 
d -i9ne d for neutron r:; :;" 1 : ^ ° f "0 
-o di „ent o f the inv." D T ^ <° 
inClM " ^ ">ar g . d - Mtal reacto xo'rr"" '^"^ 
— gy n eutrcn=. a coU^tor 104 or ' " ™^ 
neutrons i„ to a n eu-rcn h for »"'=<ti„, 

-toctor chafer ^Z^l^"^ " ^ ™ » 
-toriai no ta k es placo " dl °'"^ of a sa.ple 
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feature 1"°'°" COlll ""» the general design 

feature discussed in Section I IA above. Where as in 

then-a -neutron energy range, the neutrons can he 
thermalized within the collimator, or prior to .„, • 
the collimator by convention,, entering 

conventional means, such as Dassaae 
through a polyethylene block. Passage 

The sample chamber in the apparatus includes 
suable support means (not shown, for supporting the 
sample or target material in a position in which the bea. 
is directed onto the sample. Also included in the 
chamber is a film plat . 112 on ^ ^ 

image of the sample is recorded, and a convertlr "114 , 
which film-sensitive particles e a „ " 114 £r ° 3 

emitted when the converter slr^ i' s T^Tl' 

the fi lm d „ , orI „ ed of a th . n gadolln . un t.. 
like capable of emitting f ilm-sensitive particles in 
response to neutron bombardment. The fi ln and converter 

mathematics and Phy^s .T^^;- 

0. Reidel Publishing Co., Boston, Massachusetts U 9S^ ' 
or a d lo „ of variQus ^ ^^^^ 

employed in neutron radiography. 

The apparatus may be employed in a variety of 
thermal and high-energy radiographic appUcations, =uch 

r;; sc : w in " The " outron ^ it= *pp"c«io„... 

.chof.eld, ed. , The mstit.te of phyiic9i 
Eng and (19 .„, particular^ for structural analvsis =« 
exp osive devices, ceramic materials, ,l.etro»ic' devices 
-Chamcal assemblies, and aircraft turbine Mades 
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Neutron diffrar-*-,-„ 

and TOtlons t1 ;; ™«« in £oraation about 

<*«rons in a been, by the fr °° =«tteri ng of 

ihe ««.» fr y M x .™ ;; f ; n a saopi ° »«- ial . 

«yst a i lography tech faction or 

««ers of the x- ray b L , 1Ch the sc «terin g 

beam aep^tr^tr"" ciouds - — 

"WH, several " =«tter lng events invol 

are not . T «f™* tl0n ""^^ 

" Vail3ble * Effraction: 
First, since the scati-* • 

see above,, the nuclear den J t b y er n ln an " -»t».tlc „ ay 

the ««r.etto„ pattern =a„ , ^ " CO "«ructeo 
•*» =ite S . as h yd ro g en-ato" !> "»t« 
« -l-ctron density Lp. ""^ «« —*.<• i„ 

Second ly , the „, 

isotopic ato „ abla *» ^tinauish and 

Afferent isotopes of the * " Ucle i of 

Afferent:, ^ matter neutrons 

-efui for =ryst all o graphic h a ° n d a " thUS «»m=ui. rly 

•p-euic isotope suhstiL 0 ;: hi:: s b of sa * wes 

•»-Pl., the analysls of ™ «-« -M.. For 

«" complex macro.olecules, such as '""^""a 1 «ructu re 

s-plified by substitution of d . ^ be 

-lacted aaino acid sites ° ° r at 

«~ in the .iffractLnr::;:/" « 

he acon th « « - -tron of ^n;:;;: 
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investigation ot the Mgnet i c structural- „ 
responsible for interest,'™ cruc tur>~r-w hlcn are 

-pi.. su Ch as t e r ;::: Lii:: 9 ";::: r opemes ° f * 

heUnagnetism. ' n "-f erromagnetisn, and 

Figure II-7 is a schematic view of an , 
for use in neutron-beam analysis of . a PP«atus i 20 

Xn this apparatus, neutrons p^uce, \TT 

" 2 ' «* by collimator " 4 are T^" ^ 

sxngle-crystal .nonochrcator 126 " '""^ ° nt ° a 

crysta! functions to reflect 11' non <"= h ™»ator 
Particular wavelength a 1 " hich »ave a 

output ^r^srr" to produce a 

energies. The construction of the 96 " nmtrm 

have been described above Th. V " *"* C ° llin "°-- 
Signed to produce a narrow .ll strlT """""^ 
about +/- 0.5. degrees. ' ** a -' " ithin 

at various scattering Ingies "s^r i "d" T^^' 
crystalline structure an n • 

-Pie, as outlined lb ^JT^ 1 '" ° f «» 

scattered neutrons is ne surl^ I ^I" 0 " °' 

Sector »eans 1J2 designed to I u ' ^nT" 0 ' " 

intensity over a large scattering angle as" 

neutron detector is preferably a cyl ndrl " ^ 

filled with BP 3 gas. accordlng to c y on 1 v " e d n r t 1 " 1 

detector construction <Bacon, c. E I* " ° 

«y*e h a» Publications. London, (1969) \ Phl ' Si "" 

The apparatus nay be onployed ln a _^ 
neutron scatter^ =uch as describo(J or 
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aspects of molecular- ^- _ : 

Ocular systems dlS °"- ^ase transitions in 




processes with a measurable half',^" el " iSSi0n 
nuclei involved in neutron 1 f f "' tha of the 

* ""-ring ,a„ a . ray ana/o r ailT" C *» d «--d 
—■ion. and correlate these 1" * Wlcl « 
PTtiel. emission characteristic f , " P * Ctt » 
°«hod is also Wn as neut ro „ ! ! SaDpl «- 

- "»« use, widely for d : t t : r ° m n . a """ i - «.ly-i.. ana 
compounds present i„ . „ J.'™ 1 ^ « — ts or 

If the lifetime of ^. 

- the order of 10 -« to ^ , . 1 ^«»"-™«.tiv. events is 
the sample material is d.* ■ ^ ^ lBSS ' the "«w e c - 
'^tr. of the material T ;r ned «-~-»y " 
referred to as prompt emissio^ " —times 
Prompt emission technique is LT a " alySiS ' Ke 
activation analysis, m t „a t ™ ,, » ,1 « B *«>* to neutron 
f°rm stable radioactive n^lZlV"^ *° 

P-mpt emission vetZT™ * b °» b «<^nt. 
^ is instantaneous, non-de tructlv ^""^ th »^ 
«*»*i.X. residual .ctC^,^ 

-P- material. In this ^ ^ "P*"" analysis o; a 
" -tron reactor x„, and „ £ ^ produced ty 

are directed onto a Mapl . ^ ^ J * "Ul-tor. 1J4 

— - constructs o^I' rea^/lT 
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collator have been described above . ShT neutrons 

The !1M spectra produced in the .=»„„, 
a conventions gam™ detector or It / MaSUred " Y 

as a solid state germaniu t It ^ ^ "°' ^ 

neutron capture processes the r °r slow-radiative 

«« detection J^^^^^ 
the addition of scintilla.-; Particles, such as by 

scintillation detectors for detect ,'„„ 
alpha or beta particles. Meeting 

The apparatus has a wide range of analytical 
applications, including analysis of isotonic Atrial 
— or archaeological samples, sensitive detection'of 
envi tal contaminants, detection of explosive 

materials for airport security, forensic analysis and 
medical diagnosis. <"ysis, and 

Although this part of the invention has been 
described with reference to particular embodiments 

in the art that various changes and 
modifications may be made without departing from the 
invention. In particular, it will be app J ent '*\ 
neutron beam generator win have appU cIL 'ou d "c\ 
elemental and crvstiiin^, ^ • * ae 0i 

<-rystallographic analysis, for pv,™, 

"edicine, for the treatment of soiid tu o w ; " 

energy neutron beams. gh " 
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5jk£3 ' C Hent ^"-"-tjnn 

that ^tHIThi*" 1 ^^ b t0 "«« onal findinqs 
in a pailadiu, host latti ^ e !! n ed b * Polarization 
of that vhich can be a 4 lb J\ '"""^ in •*=•«• 

^PUt to the electro^™ I," ° Ve " U 

The magnitude of the ovn^ 

maintained for periods Qf « ^ el ^rode volume 

7.2MJ crn^ over the me ^ ' givin * 0.36 - 

r tne measurement cycles ) f h «. • 
possible to ascribe thi c ycies) that lt i s not 

process 9<^). niS ent ^lpy release to any chemical 

The most surprising feature of thp 
from the fact that nuclear processes (apart 
^1 in this way) is that J Can *». induced at 

*» not due to either of the wei 'l^T*** ™ m ™Y 
reactions < 3 > : U esta blished f Usion 



2 D + 2 D "V 3 T ( 

' + n (2.45 MeV) 



which have the highest f.nn 

Although low levels of tm . lgh ener W deuterons. 

were detected, <«> the en"™ « neutrons 

-Wch is aneutronic and atritonic 0 ' "'""^ ™ 
suggest that a prinar- -rif * deported works 

involved. («-> ' V ' ritlUm Pr ° Cess "ay also be 
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Successive series of measurements carried out showed 
that it was necessary to carry out many experiments on a 
substantial number of electrodes and over long periods of 
time (the median duration chosen for a measurement cycle 
was 3 months) . It was necessary therefore to adopt a low 
cost calorimeter design; some of the reasoning underlying 
the choice of the single compartment Dewar-type cell 
design, Figure III-l, is outlined herein. 

All measurements reported in this Section were 
carried out with 0.1, 0.2, 0.4 and 0.8 cm diameter 
palladium as well as 0.1 cm diameter platinum rod 
electrodes. The palladium electrodes (Johnson Matthey, 
PLC) came from three separate batches of material and a 
typical analysis is given in Table III-l. 

TABLE III-l 

Typical constitutional analysis of the Johnson- 
Matthey palladium rods used in this work. 



Element % by weight 



Ag 


0.0001 


Al 


0.0005 


Au 


0.003 


B 


0.002 


Ca 


0.003 


Cr 


0. 0002 


Cu 


0. 001 


Fe 


0,001 


Mg 


<0. 0001 


Ni 


0. 0001 


Pt 


0.001 


Si 


<0. 0001 
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Th e batch numbers D t 
^nt ified in the o' Palladium . 2ed ^ 

ce U 200 of f ho 91Ven b elow. a mn 

« 1. .J, ; F p r sent ^-ntion iB of t A h :° D r ; v detailed 

in Fi gure cne Dewar ty pe 

In this cell a 
? * °-°= « «-«er p\n a d r eleCtr ° de 212 — veMed 

possr bl ed with piatinua anM * 

by the d ale «ro des 212 ° dS bounding 

««to. of th d6eP Kel F Plug and K el \" « 
of the cell 200 Th =Pacer 22s at th 

™ oathode assured tL C ° nfi *«atio„ of * " 

Potentia! over J" the «'abUs nBent of J. the «°ae 
,„., r the surface of ► """or. 

—«« U„i5 0ra and e <* 'he cathode 212. xhis 

cathode 2 12 . hlgh Uve ^ =f chargi ng of the 

™-o Prob es : b t s 232 (Th ---tr iC s" lt ;a p ;t ci : Uy 

accuracy 5x20n m . " 9 element 234 (DifH u ycle 

«a blli ty better than or chains, thernal 

th<!Se ""Ponents 234 (as Tea a COnn ~«<»>. 236 to 

" '«th«: ther, is tors ,„ . H ° th * r C ™P°nents 

W1 >u , 59 *- J 2 and rpfo, Jlt; ni:s such 

:z ;™sr c ° m °- *» -tc z: 1 — « 
^ P1 :; :: d a ^ ^ and a aa piugs :] -° 

FJ-ugs 238 were fn>-+-K a 9as vent 

us "9 •>»«„,„. fUrth " ".l-d to the c . u 
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The cell 200 was maintained i„ special! v 
water baths stirred with Tw-hn n. PeCially c °nstructed 

Techne Tempunit th-is* 
sUrrer/regulators. t„ 0 or three J^' ™ 16A 
containing up to five Dewar ceUs 200 h 
maintained so that . to „ M11 ^ 
simultaneously. The result 

are based m IppJlm I ' /totr' ^ 5eCti °" 
approximates 360 cell calibrat ons *" d 
the bath temperature at dentn tOUnd that 

the surface of the "al I T '""^ °" 5 « bel °" 

better than ± 0. ^ I f tL e T" ^ ^"^^ t0 
the vicinity =, 303 ls *r ! r""" 6 (WhlCh ™» - ' 
aUowed to Ivapor! ! e r i °" £ ^ "« 
"as maintained throughout the b^ S^TT 
each water hath was maintained constant by mean s of " 
continuous feed using a dosimeter pump connected to 
second thermostatted water bath. ° n "*cted to a 

The minimum current used in all i-h. 
reported here was 200 mA and il experiments 
oouid be used at e vents t ^ 
-ctrolyte. ' ^ « ^ "«* " 

eiectrolytes currents as high as 0 ^couL b ^ 

" — -ting in the" Z"^"* * 

The mixing history within the calorimeter, , 
current limits „ as determined using dye "" t 
combined with video recording- radial 

be extremely rapid (time sc le w^ 1 " 9 ^ *° 

too, place on an animate 20s u e ^L"^'^ 
currents used. fls th . therral at the lo "«t 

calorimeters was a PproxiaaCelv , s *" ^ tl ~ •< th. 
can be considered to be well ti ' t L" 1 " 1 ^" 
^ high deg.ee of mixing and the axi a y wi 
-^ct.on of neat, tha „ axi=un v3r Y U " lf ° ra 

within the caior^eters was found to „ ^ •" P "" U " 

u.oi except for 
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the region ^ contact with th * 

the variation the b °ttom Kel f 

directions. ""Placed in the radlal ^ 

Potentiostats connected as " , InStruoen '= Mode! DT2101 

gainst osci llations . The ensu ^ 'ctal protection 

^rther monitored regular^ T"" ° ut P«s were 
'"one ^und throughout this „! *"* °~*"aticns 
.«* "0 Hz < 0 . 04i of and ripple content (M 

above aoo „ „ ere carr . ^ . Measurements 

Figure iit- 2r . fl . out us "9 the circus >. 

2B ' this ensured that rcuit s »>oun in 

stabUizetion achievable by 1" ^ hl « h d ^ree of 

be extended to ,uch high 9alv «°«a: 

("aasure n ents at current , CUrr6nt ls ^- 

— forms of caior"; e r; a 1S " P " - and using 

tetrodes were charged at 6 1\ =° 

« =.««usion al reiLt n in 

were then ap pU e d Ts \ 

Oata reported here were" 7^ " ^ 

excess of a f,,.^. Were taken after- ^ 

father 5 dif fusional relaxa . fter a P^iod in 

relaxation times. 

Heat transfer coeffi cient . 

<« -P-ci.x e, P e rl „:; re";"; -i ly 
SaXvanostats to drive the resist hOUr " Usl "9 
™ e —ure^ent scheme adopted f """"^ "»»"*.. 
alectro lyt e voiu.es were rl "„ ^ the CBll 

hours for experiments using curr l 12 ' *« or 48 

"00, ,00-800, and 200-400 J r I " **" »<•■>- 

^ the cxi temperatures we« a n"""^ t0 * '« -r ): 

hours (>4 thermax reXaxation LesT eqUUlb " te 
then appxied for 3 hours using th! »» 

9 rSSist1 ^ "eaters, the 

SUBSTITUTE SHEET 



was about 2°. The cpIi «. sloping baseline 

temperatures and, ^ J^T?'""' C « U vo "^e=. bath 
were monitored every 5 ITl ' h " ,t « 

<*. computers. ' Mp "" °-*P« 16 

<U«erent experi^J , t t l : ~ '« two 

in Figures H1-3A-C a „d iii-«a-c £T "* Sh °" n 

were maintained open exceot d! —""g circuits 

p«i 0d s (voltage iiz: t u ::;i r^rr sanpun ' 

tor , se= 0 „ ds b efore s anpl i„ 9; t ^ ^ 

were allowed to stabilize for « „ resistances 

°*t a were dismayed in t e "™ * sam P li„ g) . 

to discs. Var ia tions from these £"« -"ten 

experiments are given below. P * Clal 

Experiments at low anH 
j . , , low and intermediate current 

densities were rAm'^ ^ *-u«-ent 

distributions; such shorter 7, 

bottom of the Oe«rs si ; to I " "» 

» -o as to ensure adequate stirring. 

Experiments were rarri^ 

isotopes, ot „. M i o P r u r; 31 :? 20 (cambridge 

Peered b y addi ng Li ^ ^^."ClT l/9 , 

prepared by adding dried Li so ■ 4 

y iriea Ll 2 S0 4 (Aldrich 99.99% 
anhydrous, U/ ' U . 1/n) to ^ ^ ^ ■ 

respectively. The li qht Mter conto ' 
stored b y HHR and never rose above " ' 

Withdrawn for , ID0 and tritiun analyses were ! 
tne appropriate electrolytes ?l, ' J " P U,iB ' 

electrolyte was used f3r ' • b " Ch ° f 

sed for any gl ven experimental series. 
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Nonaal losses due to e] , 

^ ^^rZT:L 5 """""on at 

" made U P by adding D 3 o. 

The current eff • 
-cording to r^^^ e lectrolyses 
the = ombined ra tes of > ^fT**""— by measuring 
""prMingiy, these effi^" fr ° D «» 

cells. 

«rrent eff iciencies have * °"V> ■%!«,. Such high 
The high valu V e ; " c °; n >-» reported ln 

for Mtl on and by the « 'he anode by 

""tent of the electrode in t he ' 

°, "Ol-tlon. These high current e^, ' * «» 

6fly de scribed below 

nn Ca1 ^ T -i ,Tnrt > i L 

* n common with all 
engineering devices th. PhySic ° c "e">ical and 

^ior „ f the De war ! y;;^" «' f ro, the 

quires the ^n^™^ 1 ™*™"*" -ioriaeters 

^tang of the Model to the 1„ °» <*• 

re,res sion analys ^ nta! data uslng ^ 

on a - 

-1" cu. care ful ly plan ed data ^"'"^ ™« 

--linear regression techni,!"^™ 1 ^^ ln "«<""9 
crTwiy consider an heat ' " The n °<^ should 

heat input due to rep L k ' heat 
^ctroiysis - d . v . po „° t IT™ • 1 ^t. loss by 

»«« lon and cond^on, t.t ! ^ *°* cell b / ! 

anSfer the cell due 
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HIT ot evapor " ion <* heat loss due to 

°, n „,„,. h eat , enerated ^ tQ 

0 2 Uf any, , a „ d any excess ^ », 
Further. ther e should be consideration of the time 
dependant temperature change in the = ell due ta ll 
change of the contents of the cell dw« . 
should «i. n >,„ ■ riM consideration 

external bath h """^ <" the 

external bath and atmosphere temperature, careful 

choices should also be made of instrumentation and 
temperature measuring devices, such as thermistors 
heater components, ohm meters, volt meters, bath ' 
circulators, potentiostats, multiplexers and data 
processing equipment. 



Results 



A summary of the results obtained using o.l, 0 2 and 
0.4 cm diameter rod electrodes is given in Ta bl e x ^ 
while the relevant results for other experiments ar 
summarized in Table III-A6.1. 
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Table III-3 lists the ti.es elapsed frpm the start 
of any particular experiment, the current density, the 
cell voltage, the enthalpy input, the excess enthalpy n , 
and the excess enthalpy per unit volume. The derived 

L a tho S d 1 ft 6 TablS ° btained ^ b ° th the -PPrcxl-at. 

method of data analysis and by an exact fitting procedure 

using a "blacK box- design of the type briefly described 
herexn; error estimates are confined to the data derived 
by the latter method. Data are given for the three 
electrolytes used and the batch numbers of the particular 
electrodes are indicated. The measurements were made, as 
far as possible, when a steady state of excess enthalpy 
generation had been reached. However, this was not 
possible for some electrodes at the highest current 
densities used because the cells were frequently driven 
to the boiling point. The values given for these cases 
apply to the times just prior to the rapid increases in 
cell temperature (see section on Enthalpy Bursts) . 
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The values of the rates of excess"^ enthalpy 
generation listed in Table ln- 3 are lower uJL * 

latent he « of evaporation lead to an 

Q f . There „ a further factor which leads to an 

additional underestimate of 0fS the dissolution Qf 

the e uctroces is exothermic and consequent^ the slopino 
base line causes a decrease („ fK , L . pir - 

aecrease in the solubility with t-im* 

and therefore an absorption of heat. This fLLr is 
difficult to quantify since the deuterium cont 
lattice „ui not be in equilibria at any given cell 
temperature. We have therefore neglected aU factors 
Which would give small positive corrections «* 
delved values of the excess enthalpies, of the three 
corrections listed above, that due to the systematic 
underestimate of the heat output from the cell is most 
significant. 
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Blanfe Experiment 

Table III-. Usts the results of a variety of blan)- 
expenments: measurements with Pd electrodes in l la ht 
water, with Pt-electrodes in light and heavy water and 
measurements with 0.3 cm diameter Pd electrodes in heavy 
water. It can be seen that most of these experiments 
give small negative values for the excess enthalpy 
These negative va!ues are expected for systems giving a 
hermal balance according to the electrolytic rlac'on 
(1) or the corresponding reaction for light water since 
both the method of calculation and the neglect of the 
30 enthalpy output from the cell due to evaporation lead to 
an underestimate of the heat flows from the cells. 
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Fig Ures i n . a and B a „ 

temperature-time and the associat-H \ 

in experiments which shou "^".al-time Plot. 

outputs while Figures III-,! ! in th * "eat 

- «- =pec i£i c e^s^t x r^i;:: »«- 

and B give the timo h FY release. Figures Iii-ta 

e,ce SS 5 e„t h a pi " 0 te °' ^ SP « ifl ° 

experimental data. A I T""" 5 ""^ « 

:: n ow these umVd^dL'cirrin^™?;: 

enthalpy are superLo Jh Paction of excess 

are superimposed on the slowly increasing 

returns tn a k , • enthalpy production 

returns to a baseline value which k w 

*~ prior to the ^JTl^^^ 
have fo und that cells are f re,ue„ tl y iri . ™ 
borllng point, e.g., see Figure In-s " \ 

enthaipy production must become extrle, ? ' " 
these conditions since the 11 '^""^ l«ge under 

sin<:e the dominant mode of heat t„. « 

— of the heat out^ce^ tlL™"^ 
instrumentation are unsuitable to « e estimates und 
these conditions. It should also oe noted that 
the eel! potential initially decreases ^ ' 
situation f or the hursts, there is ! 
increase ot the potential ,ith time v^e.^? 0 
to the boning point probably due to the ^ 
electrolyte in spray leaving the cells. 

The attainment of boiling may be d„» ► 
— ~„ or to an mcrLe' ^ ^ 

ciidctitiit: wtzj 
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ou 'P". Bec ause of a D(h . ' 

«Per iMn ts (or , at ^^J* «-=nti nuing t „ e 
de "=ity, vne „ of reducing the 

.» as foUo J. ^ ^™9uished. The rea 
-thermic „ nder =• t ^soiution of „ «=«. 

t-Perature must therefore 1*'' " Pid '-««e s of 

'"soived D+ since chemise " <fU5aCit » « 
«ta Mi s hed by the ca„„ ot be 

accon,p anied by as « of temperature 

« tritium, other aspect T " ^ genera- 

filSSSSsioN 

The results f or tho 

«"» can he obtained by £' CC ""'« of the ea - 

t«*»i*» adopted. The y r ; a ea o nS ° f ^ s iBple ca^rime^ 
very aarge redu „ da £*Jor this hi gh . iC 

° f -"DO »e a surements of a h ■ k * Whic " «„.. « 

t-perature-time prof U e I*™* «u """^ 

four parameters of ,„ " is used to „ - 

parameter is L t " blac, = -ode!- L7 

r ls de termined seD . r ,, , ' the fifth 

volt.,.- M .. profile plot " M " t ' 1 >' tne measured „„ 

accuracy ap pli e s to ^ \ Th " « aCenent a d «U 

-P^sized aoain that the ^ ^ " 

' =~tic U nderes tiaat ~ °' « l «^tio„ ieads to 
corrected. «>«>• can, however, readiiy te 



SUBSTITUTE SHEET 



-73- 



, ■ p CT/LS90/0I3:S 



These statements about the „ 
the blank experiments, TM ^* ******* m out b y 

calorimetric technique adopted 8h ° W that the 

Glances for electro ly sL ll T** "ti-fctory thecal 
for yS1S acco ^xng to reaction (i) or 

2H 2 0 - 2H,0 + o 



2 

(iv) 



for a wide range of conditions a „H 

experiments on the o 8 cn h SyStemS - The 

e 0,8 cm diameter Pd electro • 
are regarded as the most si gnificant bl ^ ln ^ 

with numerous other invest iL ' In COEraon 

carried out experiment ^ f ^ 

zero excess enthalpy Excp /D SyStem Whic » ^-e 

0.8cm diameter electrod , gene «ticn on 

a recently o*.,^ ^.I^ * — 

narked excess enthalpy generat lon f ' ^ 

those listed in Table iLT " 6XPerinients *uch as 

of these blank e.perime" 1 ; ^ * light 
generation can reach rates as hL anthal ~ 
- * fetor o f approximate! S f f - - cm- thls 

the highest value reported l^^ZT^ ^ 
to the highest value achieved in comparable 
using Seebeck calorimetry < 10 > ""^ lnvesti< ? at ion 

enthalpy l isted in Table * The Valu - °f the excess 
with the results contained in * 1S ° br ° ad ^ in i iae 

" should be noted that the preset dlt 
view that the "steady-state" entha.o th * 
to a process or processes i„ f T * deration is due 

auh 0ugh thi s , t «. Mn " , : buik ° f th ° 

=ut as that node on the basis o" T *" * " 

the inventors. P reli nina rv publication^ ^ 
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Presented here show in „ — 

««ss enthalpy production"!'^ 1 th « «» rates of 

"ensity. Figure m (the i " crease "arkedly with m 

« «>« order x», so « increase is at least 

appearance c£ « threshold oh """" h " the 

prec ision at ^JZ^?™: « 
"-ever, to decide whether t hls need = d . 
"nat the threshold current T. "** ™ " so, 

" highest current d n^ ^r;- -^ntial might 
systematic difference between" , " "° discsrai "= 
>«=hes of electrodes aM the different 

experiments. The scatter i„ USM in th «e 

«•« at these high current" U ^tively 

1-*. at !ow to :„ t ei:: , s but tMs 

~»" »ell be that this sc att « ^ """"r- 1= 

*». electrode m aterlal ^Tr ? dl »erences i n 

could also be that the Cll^tT * 
^tic. is more sensitive to the or " ths 

conditions for -esure.ents at lo ""^ 
current densities. The ab intermediate 
aeration for o.e c . di Mec T ?' ""^'^ 
B "cn i certainly points ^ t""'" *«n 
metallurgical history of th lmpor tance of the 

It is noted that most inv^t"" ""•»*n^ 0f . 
nave used relatively lov C urr en t d reP °" ed 
-y well acC ount for some of the v th " «i, 

results. Furthermore the c alo """"""V of the 
-thods of data evaluation ad: D Tr riC ^"^^ 
-vestigations would not al low th " °' ^ 

° f - ««. excess enth a ; p ;: CUrate 

Statements as to hh« 
T -early , rbit J 2^2^ ^ ™ 
« any particiUar . ese d end on the dur atioa 

excesses of - 50H J cm" 3 „av„ """"ements gi vina 

-P-cific excess ^ — cut. ' xh . 

1P16S " tt « -'nalpy turscs 
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are perhaps better defined quantitios~ilTthis regard 
Figures III-6B, III-7B and III-8B give the data for the 
largest burst observed to date and it is of interest that 
the total enthalpies in the bursts are also far above the 
values which can be attributed to any chemical reactions. 
Furthermore, for these bursts, the rates of enthalpy 
production are up to 17 times (plateau levels) and 40 
times (peak values) the total enthalpy inputs to the 
cells. As pointed out previously* 1 ) the use of energy 
efficient systems would allow the construction of 
effective heat generating systems even if the excess 
enthalpy generation were restricted to the baseline 
values of Table III-3. 
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CLAIMS : 



- - apparatus £or generatln5 ^ 

«•> • i.tu„ stru=ture capabla of ^ 

-topic hydrogen and cataJyzing ^^^^ 

reactions involvina «iH ^ . 

' S31d lsot °Pic hydrogen, and 

(*>) means for utili7in« 

utilizing a product of said nuclear 

reactions. 



2. 



Th. apparatus as clained ln cuin ^ 
9eMrated b * »" nuclear reactions. 



3- The apparatus as claimed i„ clailB . 

ln c -laim 1 or claim 2 
wherein said means for utilizi„„ • , 

r Utlll21 "9 includes means for 
ccllimatin, neutrons from said nuclear reaction • 
neutron beam. factions into a 



<• The apparatus as claimed in any e( ^ i , 

wherein said means f or utili^i™ ■ , 

utui fclng includes means for 
generating electr i r i t-,. * 

"> fr °™ -^ nuclear reactions. 
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and 
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5. The apparatus as C lai«^ • 

claimed ln any of claijns x ^ 

wherein said lattice £- ^ ' 

lsotop ; c hydrogen ' and - id —s includes means for 

aCCUmUlating iS ° t0 - C ^ into said lattice 

structure. 



«• An apparatus for generat . ng energy _ conpris . n9: 

(«) a lattice structure capaole cf accumulating 
isotopic hydrogen; and 

<» ».» for accumulating said isotopic hydrogen 
to a Efficient concentration in said lattice 
structure to induce energy generation. 



The apparatus as claimed in any of claims 1 t0 G 
wherein said lattice structure is crystalline. 



8. The apparatus as claimed in >™ „, , 

-Ln any of claims l to ? 

wherein said lattice structure is metallic. 
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T "« apparatus as cia . 
WhS " ln ^«c. structure ^ °' ««-X*o.. 

"» -t.1 or an alloy thereof. * ^ <* a gr ou P 

"Wt, nickel ruth ■ Palladium, ir 



11 • The apparatus 



rr lQLUS as claimed in 
— ein said latWce . "V o t c latns , to io< 

tif„ lu . " PalUdi «. rhodiu., 

™. zirconium, or an ,i, 

an alloy thereof. 



»■ ^app aratus as in 

1-ttic. structure is / CUimS 1 to U , 



13 • The apparatus as claims • 

s claimed xn an» 

-id Uttice structure ^ " ««~ * - ». 

- iC e including a 
gh c apabiiitv 



° f mat ^ial having a rel ^. 
of accumulating • "^tively hi 

Uiatln 9 ISOtopic hvHv 

h • hydrogen layers 

— a relatively lw capabu - on . nateriji 

isotopic hydrogen. acci ™lating 
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JP 14 ' The a PP ara tus as claimed in any of claim 1 to 13 , 

wherein said lattice structure includes radioisotopic 



atoms . 



15. The apparatus as claimed in any of claims 1 to 14, 
wherein said lattice structure includes radioisotopic 
atoms selected from the group consisting of 60 Co, 90 Sr, 
106 Ru, 117 Cs, " 7 Pm, »<V 210 Po, 238 Pu, '"en, or 2 "cn. 



16. The apparatus as claimed in any of claims 1 to 15, 
wherein said lattice structure includes atoms which emit 
high-energy rays or particles upon exposure to neutrons. 



17. The apparatus as claimed in any of claims l to 16, 
wherein said lattice structure includes boron, beryllium 
or carbon-14 ( 14 C) . 

18. The apparatus as claimed in any of claims l to 17 
further comprising means for exciting said lattice 
structure vith high-energy rays or particles. 
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19 * The apparatus as clai» • 

claimed in a™,, 

— COBprlsins an ^•'*u„ 13 , 

p c "Vlrogen source. 
2 °- The apparatus as c lalmed • 

herein saia isotopic _ " "* ° f l to », 

ydr ° 9en inClu ^= <euteriu n . 

21 * The a PParatus as claim.* • 

claimed m anv of „i • 

herein said isotopic nvdr ^ 1 t0 

' hydr ° gen tritium. 

22 ' ^ aPParatUS - Claimed in any of . . 

— id atopic hydrogen s j;;-- - 21 . 

Said ~ S Eludes me ans f r p ^ ^ 

—epic hy dro gen from said 

lattice structure. ^cumulate in said 



23 * The apparatus as cl„» , • 

Maimed in claim 



im 

said 



"«« is an electrolyte and .„ "^"^ 

yce, and said means for- 

— s a c ha roe- g enerat lng source , or ^ 
^=«Po= ing sald „ . ele ««'ytica Uy 

~X.t- l„t. sa id Iattlce " h — 
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24. The apparatus as claimed' in claim "23 wherein said 
lattice structure is an electrical conductor and is 
connected to said charge-generating source to be the 
cathode during said electrolytically decomposing of said 
electrolyte. 



25. The apparatus as claimed in claim 23 or 24, wherein 
said electrolyte is an aqueous solution comprising at 
least one water-miscible isotopic hydrogen solvent 
component. 



26. The apparatus as claimed in claim 25, wherein said 
isotopic hydrogen solvent component is deuterated water. 



27. The apparatus as claimed in claim 25, wherein said 
isotopic hydrogen solvent component is ordinary water. 



23. The apparatus as claimed in any of claims 23 to 
wherein said electrolyte includes lithium. 



29. The 

isotcpic 



apparatus as claimed in claim 19, wherein said 
hydrogen source is at least one fused metal 



1 



\ -84- 



1SOt ° PiC ^ ^ co„ tact Mth . 

- d «i- *PPa ratus further 1 h struccur 
structure. nydride "to the l attlce 



^"-structure «.„ „, „ herein 

»i*tures thereof ^ ' P°<*«iu n deuteride or 

31 - ™* a Pparatus 

maimed in r-i ^ • 

« »- ing said fused 9h " ener ^ he « 

^ "out one Blcrosecond _ -tt lce structure ,„ 



32 • A method of ro = fc • 

r ^ct lng isotonic hvH 

" hydr °* en co mprising 

fa) fo ^ing a i attice ' 

— 9en and ca ; h ~ 
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(b) using products of said nuclear reacti 



ons, 



33- The aetnod as cl ai ne d in claia 3 2 , wharein , aid ^ 
of using indudes directing neutrons 

reactions to a target area. 



34 



The aethod as clawed in claia 32 or „, wnerein 
sa,d step of using includes generating electriclty ^ 

said nuclear reactions. 



35. The nethod as claimed in any of claims 32 to 34 
wherein said step of forcing includes" the step of 
sheeting the iattice structure to a source of the 
-atopic hydrogen to cause the isotopic hydrogen to 
permeate into the lattice structure to achieve a 
concentration therein sufficient to induce caid nuclear 



reactions • 



36. A rcethod of generating heat, Uprising the steps 
of: 
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(a) subjecting a source nf i «. • 

source of isotopic hydrogen 



latt 



hydrogen; and 

(bl ::;;r isoe ° pic h — - ~* lnto the 

h SU " iCient " iMU « «» —ion c, 

heat. 



37. The method as claims • 

fun-h Scla ^d ln any of ^ ^ 

further comprising the * 

g rne ste P °f convertina h^t „ 
in said lattice to work. 

wherein said latt,v» * ' 

a xat tice structure is n=,n j. 
cobalt • u Palladium, iron, 

cobalt, nackel , ruthenium> 

or an alloy thereof. hafniu »- 



39. The method as claims ■ 

claimed m any of C hi Be 
, 1 L C -Laims 32 to is 



atoms . 
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w «e in said lattice sttucture inciudes . 
to**™*, ra ys or perticUs upon exposure t0 neutrons 



further conprising the step of excitin9 
structure with hi 9 h-e„er gy „ ys or ^ 



"herein s aid isotopic hydrogen ' 



«• „etho d as claiMd in any of =ia . ns ^ ^ ^ 

wherein s a id isotopic hydrooen inciudes tritiu, ' 



luitu 



«• The m ethod as c laine d i n any of ^ , 
—in s aid isotopic hydrogen u ^ ' 

and said method further inciudes the steo o f 
-ctro ly tic a i ly deconp03ing said ^ 

-top.c h y dro 9 e„ „hich permeates into the iattice 

structure. 
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45. The meth od as claimed in d 44 h 

, . . . m^-apu 44, wherein said 

h " StrUCtU " iS ^""y Active and is the 



* " " ^ " — «« ~ «. -herein 

T eleCtr ° lyte iS - ~ «l«tio„ ™ si „ a at 

1-t one vater- mi sciMe isotopic " 

component. 



"-topic hydrogen soivent conponent ^ ^^^^^ 



-topic hydrogen soivent c„, ponent is ordWy ^ 



49. The .ethod as ciai.ed in any of claims J5 to 
wherein said isotopic hydrogen scurce is at ! 
fused i sot op ic hydride in contact „i*„ 

-ucture. and said method £ ,-ther co.prises the steo 
—g the hydride to proBote mig „ tion ^ 
hydride into the lattice structure. 



Le ast one 
said lattice 
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SO. The method as claimed in claim 49* 
, wherein the step of heating includes the step of 
applying a pulse of power to heat said fused metal 
hydride to transfer said isotopic hydrogen to said 
lattice structure in less than about one microsecond 
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